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1.0 INTRODUCTION 
Dwindling domestic and world o i l  and gas  s u p p l i e s  wi th  t h e  in-  
e v i t a b l e  rise i n  t h e  p r i c e  o f  t h e s e  f u e l s  have genera ted deep con- 
ce rn  wi th in  government, i n d u s t r y ,  and t h e  genera l  publ ic  a s  t o  how 
t h e  energy needs o f  t h e  country  can reasonably  and economically be 
met i n  the  f u t u r e .  The increased use of c o a l ,  our  most abundant fos- 
s i l  f u e l  r e s e r v e ,  dur ing  t h e  next q u a r t e r  cen tu ry  w i l l  n e c e s s i t a t e  
i n c r e a s i n g  t h e  e f f i c i e n c y  or  underground c o a l  e x t r a c t i o n .  Longwall 
mining techniques have t h e  p o t e n t i a l  of g r e a t l y  i n c r e a s i n g  t h e  c o a l  
y i e l d  per  ac re  and coal  product ion pe r  men pe r  s h i f t  s i n c e  i t  is 
e s s e n t i a l l y  a  cont inuous mining process .  I n  a d d i t  ion ,  s i n c e  longwall 
is a continuous mining process  employing continuous haulage,  i t  is 
extremely wel l  s u i t e d  f o r  automation which is  t h e  s u b j e c t  of  t h e  pre- 
s e n t  study.  Automating longwall c o a l  e x t r a c t i o n  w i l l  no t  on ly  in- 
c r e a s e  production but  a l s o  minimize t h e  amount of f o r e i g n  m a t e r i a l  
taken a long w i t h  t h e  c o a l  thus reducing s o r t i n g  time and c u t t e r  b i t  
wear. I n  a d d i t  i o n ,  automating o r  remot ing  t h e  longwall mining process  
w i l l  i nc rease  o p e r a t o r  h e a l t h  and s a f e t y  by removing t h e  miner from 
the  s h e a r e r  and thus  t h e  hazards  encountered i n  t h e  immediate c u t t i n g  
a rea .  
The p resen t  s tudy  h a s  been divided i n t o  two phases. Phase I 
was pr imar i ly  concerned w i t h  t h e  ana lyses  and s imula t ion  of candi-  
d a t e  V e r t i c a l  Control  Systems (vCS) and Face Advancement Systems (FA,) 
( c o n s i s t i n g  of a  Y a w  Alignment System and Rol l  Control  system) re -  
qu i red  t o  s a t  is fac  t o r i l y  automate the  longwall  system. The purpose 
of t h e s e  s t u d i e s  were t o  s p e c i f y  t h e  d e s i r e d  o v e r a l l  longwall system 
con£ i g u r a t i o n  f o r  pre l iminary  des ign which w i l l  be performed dur ing  
Phase I1 of t h e  s tudy.  A r e p o r t  o u t l i n i n g  t h e  analyses  and simula- 
t i o n s  performed dur ing  Phase I of the  s tudy which led  t o  a  s p e c i f i -  
c a t i o n  of  t h e  o v e r a l l  longwall system was issued i n  September 1978. 
This r e p o r t  o u t l i n e s  the  prototype pre l iminary  des ign of t h e  V e r t i c a l  
Control  System (VCS) por t  ion  of the  Automated Longwall Guidance and 
Control  System s p e c i f i e d  a t  end of Phase I .  
2.0 SUMMARY 
The Automated Longwall Guidance and Control  System c o n s i s t s  of  
a V e r t i c a l  Control  System (vCS) f o r  c o n t r o l l i n g  t h e  e l e v a t i , m  of t h e  
two c u t t i n g  d r m s  of a double ended ranging arm longwall  shea re r ;  
a Yaw Alignment S y ~ t e m  (YAS) f o r  mainta ining t h e  longwall f ace  s t r a i g h t  
and perpendicular  t o  bo th  t h e  headgate and t a i l g a t e ;  a Ro l l  Control  
System f o r  mainta ining proper s h e a r e r  a t t i t u d e  about i ts  l o n g i t u d i n a l  
a x i s ;  and a Master Control  S t a t i o n  (MCS) from which t h e  s h e a r e r  can 
be operated au tomat ica l ly ,  o r  i f  d e s i r e d ,  remotely. The paragraphs 
t h a t  fo l low w i l l  summarize the  prototype pre l iminary  d e s i g n  of tlre 
VCS por t ion  of t h e  Automated Longwall Guidance and Control  System. 
The longwall shearthr used i n  t h e  preli lninary des ign  s p e c i f i e d  i s  t h e  
JOY 1LS1-300 double ranging arm sheare r .  It should a l s o  be noted 
t h a t  s i n c e  the  VCS is one element i n  t h e  o v e r a l l  automated lcngwall  
system, t h e  des ign of t h e  VCS d i d  t ake  i n t o  account t h e  o t h e r  sub- 
system requirements.  Where convenient  the  e l e c t r o n i c s  were designed 
and s i z e d  t o  accept r o l l  c o n t r o l  and yaw alignment s e n s i n g  s i g n a l s  
a s  descr ibed i n  Sec t ion  4.0. 
2.1 VCS Operat ional  Modes - The Automated Longwall System and 
hence t h e  VCS w i l l  have t h e  £01 lowing o p e r a t i o n a l  modes: 
a. Automatic Mode 
b. Remote Mode 
c .  Manual Mode 
Each of these  modes a r e  descr ibed below. 
2.1.1 VCS Automatic Mode - Thc automatic mode is  t h e  normal 
mode f o r  VCS opera t ion .  In  t h i s  mode t h e  VCS is capable  of automat- 
i c a l l y  c o n t r o l l i n g  t h e  e l e v a t i o n  of both c u t t i n g  drums of the  double 
ended ranging arm s h e a r e r  f o r  t r a v e r s e  v e l o c i t i e s  of up t o  f i f t y  f e e t  
per  minute wi th  the  nominal t r a v e r s e  being t h i r t y  Eeet pe r  minute. 
The s h e a r e r  t u r n  around w i l l  be manually a s s i s t e d  by personnel  loca ted  
i n  the  headgate and t a i l g a t e  who w i l l  be i n  voice  comnunication wi th  
t h e  opera tor  a t  the  Master Control  S t a t i o n .  When t h e  obse rvers  in- 
d i c a t e  t o  t h e  MCS opera to r  t h a t  eve ry th ing  is c l e a r  of d e b r i s ,  t h e  
MCS opera to r  w i l l  i n i t i a t e  t h e  shea re r  t u r n  around seqaence.  I f  t h e r e  
is  debr i s  on the  s h e a r e r  d t  the  end of the  pass which could jam t h e  
deployments r equ i red  a t  t u r n  around, t h e  observers  i n  t h e  headgate 
o r  t a i l g a t e  depending on where shea re r  t u r n  around is  t a k i n g  p lace ,  
w i l l  c l e a r  t h e  d e b r i s .  Once c l e a r  t h e  observer  w i l l  t e l l  t h e  MCS 
opera to r  t o  i n i t i a t e  the  tu rn  around sequence. Th i s  procedure s i g -  
n i f i c a n t l y  s impl i f  i c s  t h e  VCS design by e l imina t ing  t h e  requirement 
f o r  automatic d e b r i s  sens ing  equipmc~nt (possibly a video system) from 
be ing  mounted on t h e  s h e a r e r .  I t  sllould be noted t h a t  even i f  a 
video system were mounted on the shearer i f  debr i s  would be present 
t h a t  might prevent shearer  turn around, personnel would s t i l l  be re- 
quired to  c l ea r  the shearer.  This would mean t h a t  when the  shearer  
i s  i n  the  t a i l g a t e ,  the  longwall system would have t o  be shut down 
and personnel sent  down the length of the longwall face tcr c l e a r  the 
shearer  and come back, introducing s ign i f i can t  delays i n  mining oper- 
a t ions .  
2.1.2 VCS Retnote Mode - The remote operational mode f o r  tlre 
VCS w i l l  primarily be used for system checkout and troubleshooting. 
There w i l l  noc be a remote full-up operational mode t h a t  w i l l  be used 
t o  operate  t he  longwall system whilc mining coal .  The reason for  
t h i s  is twofold: 
a )  It i s  highly improbable t h a t  an operator a t  the master con- 
t r o l  s t a t i on  could d iges t  the sensor informatior caquired for  can- 
t r o l  of ( i . e . ,  Last Cut Follower, Sensi t ized Pic':, C I D ,  Present Cut 
Follower, e t c . )  the shearer cu t t i ng  drums and reac t  properly so  a s  
to  af f e c t  s a t i s f ac to ry  control .  This consideration does not include 
monitoring the  r o l l  sensors and maintaining proper shearer  a t t i t u d e  
about i t s  longitudinal ax is .  
b) Since a l l  of the sensor information w i l l  be obtained from 
the processor so a s  t o  allow s i n g l e  l i n e  d i g i t a l  communication be- 
tween the shearer and the remote control  s t a t i o n ,  i t  is d i f f i c u l t  
t o  pos tu l t t e  a mode of f a i l u r e  t h a t  the remote mode could accowodate. 
In  order t o  control  the shearer remotely a l l  of the sensors would 
have t o  be operable, the  communication system with the processor would 
have t o  be operablz, the 110 i n t o  the processor would have t o  be 
operable, and a t  l e a s t  a portion of the processor would have t o  be 
operable i n  order to  properly process C I D  an? sens i t ized  pick data .  
This does not leave very much tha t  could reasonably f a i l  and ye t  allow 
the required portions of the system t o  be operable in order  to  enable 
the remote operat ion of the shearer.  
However, the remote mode in conjunction with manual a s s i s t  a s  
described above w i l l  be used for  shearer turn around. 
2.1.3 VCS Manual Mode - The manual mode of operation provides 
for  t he  shearer to  be operated by personnel located i n  the  v i c i n i t y  
of and moving along with the shearer a s  i s  present ly done. The vcs 
hardware i e  designed t o  i n  noway i n t e r f e r e  with the  present manual 
mode of shearer operation. Therefore should a malfuncticn occur coal 
could s t i l l  be mined a s  i s  presently done u n t i l  the next maintenance 
s h i f t  when the VCS could be repaired. 
2 . 2  Safe ty  Considera t ions  - System s a f e t y  was a prime considera-  
t i o n  i n  t h e  des ign of t h e  VCS. Various f e a t u r e s  were included i n  
the  des ign  of the  VCS t o  i n s u r e  the  s a f e t y  of personnel o p e r a t i n g  
t h e  system. Included i n  t h e s e  f e a t u r e s  a r t  t h e  following.  
1. Keys a r e  loca ted  on t h e  f i r s t  and l e s t  ( i  . e . ,  near  headgate 
and t a i l g a t e  r e s p e c t i v e l y )  roof aupporte.  The number of keys i n  t h e s e  
roof suppor ts  a r e  equal  t o  t h e  number of  men normally located on a 
s h i f t .  When a person is requ i t ed  t o  be a l o n g i h e  longwall f ace  f o r  
whatever reason,  t h e  opera t ing  procedsre '*calls  f o r  him t o  t u r n  any 
of  t h e  locks loca ted  i n  t h e  f i r s t  o r  last roof suppor t  r e l e a s i n g  t h e  
key and [ t ak ing  i t  a long wi th  him. Th i s  d i s a b l e s  opera t ion  of t h e  
automated longwall system inc lud ing  t h e  VCS i n  automat ic  o r  remote 
modes. Only when t h e  key is replaced and the  lock  turned can t h e  
longwall system be operated au tomat ica l ly  o r  remotely.  Assuming t h a t  
t h i s  procedure is  followed i t  would preclude personnel loca ted  a long  
t h e  longwall face  from being in ju red  by inadver ten t  t u r n  on of t h e  
automated longwall system. It should be noted t h a t  e s s e n t i a l l y  t h e  
same s a f e t y  procedure is p r e s e n t l y  being used by tlre power indus t ry  
i n  o rde r  t o  avoid c i r c u i t  breaker  t u r n  on while maintenance personnel 
a r e  located a locq  t h e  power l i n e .  
2.  When t h e  s h e a r e r  is be ing  opera ted manually a swi tch  loca ted  
on t h e  s h e a r e r  i s  thrown which d i s a b l e s  automat ic  o r  remote opera t ion  
of  the autometed longwall system inc lud ing  t h e  VCS. The only  way 
t h a t  automatic/remote opera t ion  could  be  red to red  i s  i f  the  switch 
on the  shea re r  is manually throijn t o  its nominal p o s i t i o n .  This  
f e a t u r e  is a backup t o  t h e  keys descr ibed above and enab les  t h e  manual 
shea re r  o p e r a t o r s  t o  walk o u t  of t h e  longwall f ace  a r e a  s a f e l y  i f  
the  "key" procedure descr ibed above i s  adhered t o .  
3 .  When us ing  a n  Active Nucleonic C I D  v a r i o u s  sens ing  dev ices  
a r e  furnished i n  o rde r  t o  d e t e c t  a poss ib le  r a d i a t i o n  hazard .  These 
include the fo l lowing:  
a .  A pressure  sensor which monitors the  pressure  i n  t h e  
chamber where t h e  nucleonic source i s  loca ted .  The chamber is  i n i -  
t i a l l y  p ressur ized  and when the  p ressure  drops below a c e r t a i n  va lue  
a s t r u c t u r a l  f a i l u r e  is  assumed t o  have occurred,  t h e  system is shut-  
down and an aud ib le  alarm loca ted  on the  shea re r  is sounded. 
b. A sensor  t h a t  monitors the  p o s i t i o n  of the  a p e r t u r e  
covers  of t h e  nucleonic  source.  When a n  i n d i c a t i o n  i s  received t h a t  
the  source a p e r t u r e  cover is not i n  its proper p o s i t i o n  f o r  a p a r t i c -  
u l a r  mode of opera t ion ,  t h e  system is  shutdown and an aud ib le  alarm 
loca ted  on t h e  s h e a r e r  is sounded. 
c .  A r a d i a t i o n  d e t e c t o r  is mounted on t h e  s h e a r e r  which 
d e t e c t s  t h e  genera l  background r a d i a t i o n  l e v e l s .  Should t h i s  d e t e c t o r  
sense  r a d i a t i o n  l e v e l s  appreciably  above normal, t h e  system is shut-  
down and an aud ib le  alarm loca ted  on the  s h e a r e r  is sounded. 
It should be noted t h a t  the  r a d i a t i o n  hazard i n d i c a t o r s  inc lud ing  
the  aud ib le  alarm w i l l  be o p e r a t i o n a l  even i f  power is  completely 
removed from the  s h e a r e r ,  r e q u i r i n g  a s e p a r a t e  b a t t e r y  pack t o  power 
the  r a d i a t i o n  hazard warning system when s h e a r e r  power i s n ' t  p resen t .  
This  would keep maintenance personnel o p e r a t i n g  on t h e  s h e a r e r  wi th  
power turned o f f  appra i sed  of  any r a d i a t i o n  hazard  t h a t  may e x i s t .  
2.3 VCS Performance wi th  the  Pass ive  Rad ia t ion  and Active Nu- 
c l e o n i c  C I D ' s  - Stud ies  were conducted t o  e s t a b l i s h  t h e  c u t t i n g  per-  
formance t h a t  could be achieved us ing  the  pass ive  r a d i a t i o n  and a c t i v e  
nucleonic  C I D ' s .  Ten success ive  passes  were made wi th  t h e  longwall  
s h e a r e r  wi th  each of t h e  CID'e determining such parameters a s  RMS 
c u t  e r r o r ,  percent  time i n  rock,  and percent  rock taken.  However, 
before  making t h e  success ive  passes  t o  determine c u t t i n g  performance, 
s t u d i e s  were required t o  determine the  optimum averaging i n t e r v a l  
f o r  each of t h e  C I D ' s .  These s t u d i e s  r e s u l t e d  i n  optimum averaging 
i n t e r v a l s  of 0.5 end 2.0 seconds f o r  the  a c t i v e  nucleonic and pas- 
s i v e  r a d i a t i o n  C I D ' s  r e s p e c t i v e l y .  Using t h e s e  averaging i n t e r v a l s ,  
the  c u t t i n g  performance achieved wi th  both CID types  is summarized 
i n  Table 2-1. It is seen from these  t a b l e s  t h a t  t h e  performance o f  
the  Active Nucleonic CLD is  somewhat b e t t e r  than t h e  Pass ive  Radia t ion 
CID.  However t h e  performance wi th  t h e  pass ive  r a d i a t i o n  C I D  is con- 
s i d e r a b l y  b e t t e r  than t h a t  p r e s e n t l y  baing achievad manually a t  ehearer  
t r a v e r s e  v e l o c i t i e s  of up t o  50 f t /min ,  f a r  i n  excess  of t h e  manual 
t r a v e r s e  v e l o c i t y  of t en  t o  twelve f e e t  pe r  minute. Hence VCS per- 
formance wi th  the  n a t u r a l  r a d i a t i o n  sensor  meets t h e  VCS system re- 
quirement t h a t  c u t t i n g  performance be equal  t o  what is p r e s e n t l y  being 
manually achieved.  
Refe r r ing  tc Table 2-1 i t  is noted t h a t  both  the  top  and bottom 
drum spend approximately t h e  same percent  o f  t ime i n  rock y e t  essen-  
t i a l l y  no rock is taken from the  roof while a smal l  percentage rock 
is taken from t h e  f  l o o t .  The reason f o r  t h i s  apparent  d iscrepancy 
is t h a t  the top  drum has  s e n s i t  ized picks  which i t  r e a c t s  t o ,  allow- 
i n g  it t o  j u s t  graze  the  c o a l / s h a l e  i n t e r f a c e  and e s s e n t i a l l y  t ak ing  
no coa l .  However, the  f l o o r  drum is  c o n t r o l l e d  by s l a v i n g  i t  t o  the  
top  drum s o  a s  t o  mainta in  cons tan t  seam he igh t .  The s e n s i t i z e d  p ick  
d a t a  on the  bottom drum i e  used f o r  d i e p l a y  only and not f o r  i t s  
a c t i v e  c o n t r o l .  The reason f o r  not a c t i v e l y  responding t o  s e n s i t i z e d  
pick d a t a  is  t o  mainta in  the  d i f f e r e n c e  between two success ive  c u t c  
on t h e  f l o o r  w i t h i n  def ined limits. This can only  be accomplished 
by mainta ining constant  seam h?ight  s i n c e  i t  is not f e a s i b l e  t o  mount 
a l a s t  c u t  fo l lower  on t h e  f l o o r .  Therefore ,  a l though t h e  time i n  
rock f o r  the  f l o o r  c u t t i n g  drum is approximately t h e  same a s  the  roof 
apprec iab ly  more rock is taken on t h e  f l o o r  s i n c e  t h e  c u t t i n g  drum 
w i l l  p e n e t r a t e  the  c o a l / s h a l e  i n t e r f a c e .  
T a b l e  2-1. VCS P e r f o r m a n c e  S u m m a r y  
-*. .- r AUTOMATED VERTICAL CONTROL I NUCLEONIC C I D  
AUTOMATED VERTICAL CONTROL 
NATURAL RADIATION C I D  
5 I N .  CRYSTAL 
I W U A L L Y  OPERATED VERTICAL CONTROL SYSTEM 
*AVE?UGE OF ALL MEASURED PERFORMANCE 
12 FACES I N  10 DIFFERENT MINES 
A.D. L I T T L E  SURVEY (DEC. 1 9 7 6 - J u t 3  1977) 
**3.1 IN .  MEAN ERROR 
AVERAGE RMS 
CUT ERROR ( I N )  
--.------- - 
2.76 
-- - 
3.14 
**5.5 
- 
AVERACE RMS ROOF 
CUT ERROR ( I N )  
- .  . -  
2.32 
2.74 
N /A 
4 I N .  B I A S  
ROBINSON RUN MINE 
AVERAGE RMS FLOOR 
CUT ERROR ( I N )  
. . . ... 
3.19 
3.54 
N !A 
SHEARER VELOCITY 30 FT/MIN 
RESULTS ESSENTIALLY UNZHANGED AT 50 FT/MIN 
T a b l e  2-1. VCS P e r f o r m a n c e  Summary  ( C o n c l u d e d )  
AUTOMATED VERTICAL CONTROL 
NUCLEONIC C I D  
AL TOPL4TED VERTICAL CONTROL 
NATURAL RADIATION C I D  
5 IN.  CRYSTAL 
-- .- 
AVERAGE PERCENT AVERAGE PERCENT AVERAGE ROCK 
TIME I N  ROCK TIME I N  ROCK TAKEN 
ROOF ( 2 )  r FLOOR ( X )  ROOF (%) FLOOR (%) i 
ACTIVE NUCLEONIC CID 
R ~ ~ R O D U C , ~ ~ ~  ,TI? OF THE 
PERCENT TIME IN ROCK - 7. 8 8 % O R I G I s ~ ~  p G E  1s POOR 
AVERAGE PERCENT ROCK TAKEN - 0.11% 
PASSIVE RADIATION C I C  
AVERAGE PERCENT TIME IN ROCK - 12.86% 
AVERAGE PZRCENT ROCK TAKEN - 0.18% 
The recommended VCS cmf igur r l t ion  is the  one ~ m p l o y i n g  t h e  pas- 
s i v e  r a d i a t i o n  CID.  Although t h e  a c t i v e  nucleonic  s e n s o r  y i e l d s  bec- 
ter VCS c u t t i n g  performance, t h e  s a f e t y  cons idera t ions  involved wi th  
t h e  a c ~ i v e  r a d i a t i o n  source  make i t  d i f f i c u l t  t o  o b t a i n  t h e  permits  
necessary t o  a l low its underground use.  However the  VCS des ign  w i l l  
be compatible w i t h  both t h e  pass ive  r a d i a t i o n  and a c t i v e  nucleonic  
C I D s  a l lowing both s e n s o r s  t o  be used in terchangeably  wi th  simple 
adapting haraware ( s e e  Sec t ion  5 ) .  When t h e  required permits  are 
obtained f o r  t h e  a c t i v e  nucleonic C I D  i t  w i l l  be taken underground, 
t e s t e d ,  and compared t o  t h e  pass ive  r a d i a t i o n  sensor .  Should t h e  
comparison prove favorab le  i t  could d i s p l a c e  t h e  pass ive  r a d i a t i o n  
C I D  f o r  VCP c u t t i n g  drum c o n t r o l .  
2.4 VCS E l e c t r o n i c  Design - The h e a r t  of t h e  e l e c t r o n i c s  f o r  
t h e  automated longwall system and hence t h e  VCS is t h e  E lec t ron ic  
Control  Module (ECM) . The ECM accep t s  s i g n a l s  from a l l  of t h e  sheare r  
mounted sensors ,  opera tes  on them and d r i v e s  t h e  approprate  c o n t r o l  
elements ( a c t u a t o r s )  to  achieve s a t i s f a c t o r y  automated system opera- 
t i o n .  The mejor e lec t ron :  blocks comprising t h e  ECM a r e  s i g n a l  
condi t ioning,  c o m n i c a t i o n  s??bsystem, Input/Output (1101, and Cent ra l  
Processing Unit (CPU). An o ~ e t z ; l  block diagram of t h e  major blocks 
comprising t h e  ECM and t h e  i n t e r f a c e s  between them and t h e  r e s t  of 
t h e  automated longwall system elements is shown i n  Figure  2-1. 
h e  t o  t h e  l a r g e  e l e c t r i c a l  motors on the  s h e a r e r  (i .e. ,  drum 
c u t t e r  motors, sheare r  haulage motor) f ace  conveyor, s t a g e  loader ,  
and panel conveyor t h e  p o t e n t i a l  f o r  e lect romagnet ic  i n t e r f e r e n c e  
is high. Therefore d i g i t a l  e l e c t r o n i c s  and sensors  were used where- 
ever  poss ib le  i n  o rder  t~ minimize the  e f f e c t s  of E&M i n t e r f e r e n c e .  
Once t h i s  choice was made i t  was necessary t o  e s t a b l i s h  whether t h e  
d i g i t a l  sensor  s i g n a l s  should be brought d i r e c t l y  t o  t h e  ECM v i a  
cablin: maximizing t h e  number of l i n e s  i n  t h e  c a b l e s  employed, o r  
t o  use mul t ip lexing techniques  t h a t  wol~ld reduce the  number of l i n e s  
going t o  t h e  ECM. Two types of mul t ip lexing techniques were consid- 
ered.  One was t o  use s e r i a l  d i g i t a l  mul t ip lexing a c r o s s  a s i n g l e  
p a i r  of wires  and t h e  o ther  was t o  employ p a r a l l e l  d i g i t a l  multiplex- 
i n g  where t h e  number of wires would be determined by t h e  l a r g e s t  
d i g i t a l  word t o  be t r ansmi t t ed .  Examination of t h e s e  opt ions  ind i -  
ca ted  t h a t  al though t h e  number of l i n e s  contained i n  t h e  cab l ing  was 
reduced by t h e s e  two mul t ip lexing techniques they could not  be elim- 
ina ted .  This is due t o  t h e  necess i ty  of powering t h e  var ious  sensors  
from t h e  power d i s t r i b u t i o n  c e n t e r  located i n  t h e  ECM. Therefore,  
the  r e s u l t  of the  t r a d e  s tudy  performed ind ica ted  t h a t  t h e  e l e c t r o n i c  
complication and c o s t  introduced by mul t ip lexing and t h e  l o s s  of clex- 
i b i l i t y  i n  the  manner d a t a  could be t r ansmi t t ed  t o  t h e  ECM out  weighed 
t h e  savings t h a t  could be rea l i zed  by e l i m i n a t i n g  some l i n e s  i n  c a b l e s  
t h a t  had t o  be t h e r e  anyway. Therefore the  d i g i t a l  sensor  d a t a  is 
brought d i r e c t l y  t o  t h e  ECM without employing any mul t ip lex ing  tech- 
niques. 
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The next major t rede t o  be made was whether t o  use a minicomputer 
o r  a microprocessor £9: camputation and cont ro l  law implementation. 
Top leve l  flow diagrams c'hwing the required control  Law a lgo r i th ra~ ,  
housekeeping and s t a t u s  monitor in& algorithms, were generated i n  order  
t o  s i z e  the s torage capcity and computcr~;xal power rzqcired.  This 
resu l ted  La a system s i z e  t h a t  could be hanciled i n  a very f l e x i b l z  
and cos t  e f f ec t ive  iuanner by present day mieroprocos~or technology. 
In  addi t ion cince it is desired t h a t  the ECM be i n t r i n s i c a l l y  s a f e  
a minicomputer youid pcnbably not allow t h a t  design goal to be met. 
Therefore a micropracesax tased system was decrded upon f o r  t h s  alec-  
t ron ic  design c ~ f  the Em. Thc device family selected employs CMOS 
technology wherever porsible  t o  fur ther  reduce power requirements 
and obtain high noiso immunity. 
The above design decisions has resul ted i n  an i n t r i n s i c a l l y  s a fe  
ECM. It should be noted however, :ha? some elsments contained in  
the s ignal  conditioning block, r d r t i c u l a r l y  the high vol tage d r ive r s  
required fo r  solenoid operation, w ' l l  be hcssed in the ECM explosion 
proof power supply housing. 
A, dascribed above (Sect ion 2.2 )  safscy was a prime considera- 
t i on  i n  the z l e t t r o n i c  design of the VCS. I n  addi t ion t o  the  pre- 
cautions out l ined i n  Section 2.2. the s t a t u s  of the various sensors 
mounted on the shearer a r e  ccnt inua l ly  aaonitored. S o u l d  the re  be 
an indicat ion t\3t current /vol tage l eve l s  a r e  excesding cominal l i m i t s  
a warning is flashed t o  the MCS operator.  I f  the voltage/current 
l imi t s  exceed naximum allowable l i m i t s ,  power is removed from the 
a f fec ted  sensor and system operation is  interrupted. Similar ly the  
voltage and current  leve ls  i n  the motors for  the face conveyor, s tage  
loader,  and panel conveyor a r e  co1.t inuous ly  moni tored. Should there 
be an indicat ion tha t  one of these conveyors have stopped o t  the cur- 
rent  is exceeding allowable l i m i t s  the  shearer  is ha l ted  i n  order 
t o  avoid coal sp i l lage .  I n  addi t ion the manaal cont ro ls  on the shearer  
i s  s;,fety intrr!oc~ed with VCS e lec t ronics  allowing the automatic/ 
req.ote modes af  operation only i f  the manual controls  a r e  i n  t h e i r  
prsper (i.e., o f f )  positions. 
Algorithms a re  a l so  incorporated t o  determine whether a par t ic -  
u l a r  measurement obtained from a sensor is reasonable. I f  the sensor 
mecsurement is considered unreasonable then the l a s t  value of the 
mear.uregetlt is employed. Should a pa r t i cu l a r  s ignal  f a i l  t o  pass 
the readonable t e s t  c r i t e r i a  a warning is flashed t o  the MCS operator.  
The e lec t ronic  design of the VCS assumed tha t  an ac t ive  nucle.onic 
CID was employed Eor shearer drum cont ro l  although t h i s  i a  not the 
recowended CID.  The reason for  t h i s  approach was the des i r e  t o  make 
the e lec t ronics  accomodate both the passive radiat ion and ac t ive  
nucleonic C f D s .  The ac t ive  nuc!eon;c C I D  has a more complex elec-  
t ron ic  implementation, pa r t i cu l a r ly  with regard t o  the requirement 
for  rad ia t ion  hazard monitoring, and the addi t iona l  encoding needed 
f o r  t he  two independent suspensions. Therefore t he  e l ec t ron ic  design 
t h a t  resu l ted  caa readi ly  accoutnodate the passive rad ia t ion  CID by 
el iminat ing those functions pecul ia r  t o  t he  a c t i v e  nucleonic sensor.  
Had the e l ec t ron ic s  been designed t o  accmmodate the  passive radia- 
t i o n  CID s ign i f i can t  hardware/software modifications would be required 
i f  the a c t i v e  nucleonic CID was then t o  be accorrmodated. 
2.5 - VCS Mechanical Design - The mechanical design of t he  VCS 
t b a t  has evolved suspends t h e  CID and present and l a s t  c u t  followers 
f rum a parallelogram- type mechanism which f 01 lows the  ranging arm 
through most of its t r ave l  ( i .e . ,  within 5 degrees from horizontal) .  
The C I D  is mounted approximately four  f e e t  behind the  cu t t i ng  drum 
fo r  a 54" drum diameter and maintains t h i s  d i s tance  constant  through- 
out  the design t r ave l  of the  parallelogrem mechanism. 
The present and l a s t  c u t  following mechanisms a r e  combined i n t o  
one cut  follower, and depending on shearer  d i r ec t ion  of motion, w i l l  
index t o  follow the  l a s t  or  present cut.  The measurement of cu t  
height i n  e i t h e r  case is with respect t o  t h e  drum cen te r l i ne  i.e., 
the height of the cut  d i r e c t l y  above the  drum center  of ro ta t ion .  
This measurement is accomplished by an a r m  of a given length i n  con- 
t a c t  with the  roof,  the contact surface being a shoe o r  b a l l ,  and 
measuring the  angle the arm makes with respect  t o  a horizontal  member 
on the mounting p l a t  form ( see  Section 5 - 0 ) .  The cut  following arm 
is i n  such a pos i t ion  t h a t  when an obstruct ion o r  void is encountered 
the follower w i l l  be knocked out of the way without being damaged. 
Hydraulic damping is provided so  t h a t  the  arm doesn't snap back too 
f a s t  and possibly incur some damage. 
The parallelogram mechanism is capable of accomaodating both 
the ac t ive  nucleonic and passive radiat ion C I D s  by simple adjustments 
and adapt ion hardware. The ac t ive  nucleonic CIU  is  loaded against  
the roof with enough pressure t o  minimize a i r  gaps. Howevec, i f  an 
obstruct ion is encountered the C I D  w i l l  swing out of the way (and 
the  aper ture  covers w i l l  snap shut )  without incur r ing  any damage. 
Hydraulic damping is provided 30 t h a t  the CID w i l l  not spr ing back 
t o  quickly once the  obstruct ion is  passed. 
- The passive rad ia t ion  CID  is a l so  loaded against  the roof pr i -  
marily t o  achieve s e l f  cleaning ( I f  coal  accunr~lates  on the  measuring 
surface of the passive rad ia t ion  C I D  a measurement e r r o r  r e s u l t s ) .  
The s l i d i n g  surface w i l l  be made of spr ing  s t e e l  approximately one 
s ix teenth  of an inch thick above the detect ion c rye t a l  thus intro-  
ducing a minimm amount of a t t t enua t ion  t o  the  incoming na tura l  radi- 
a t ion .  Since a i r  gaps a re  of no consequence f o r  the passive rad ia t ion  
C I D  t he  preload pressure is appreciably l ee s  than t h a t  required for  
the ac t ive  nucleonic C I D .  Therefore the wear would not be severe 
and the  s l i d i n g  s t e e l  surface would l a s t  a reasonable length of time. 
The mechanical des ign  f o r  t h e  VCS is compatible wi th  a l l  t h e  
drum s i z e s  manufactured f o r  t h e  Joy 1LS1-300 s h e a r e r  which range from 
42 t o  62 inches  r e g a r d l e s s  of C I D  being employed. The des ign  w i l l  
opera te  i n  seas h e i g h t s  o f  62.8 inches and above f o r  both C I D s  being 
considered.  
Another &s ign  f e a t u r e  of t h e  mechanical system is t h a t  a l l  mech- 
anisms w i l l  be  locked i n  p lace  should a hydrau l ic  f a i l u r e  occur.  
Th i s  w i l l  prevent t h e  c o l l a p s e  of CID and c u t  fo l lower  suspensions,  
and t h e  mounting pla t form,  which could poss ib ly  r e s u l t  i n  instrument 
and mechanism damage. The CID's, c u t  fo l lowers ,  deployment/stowage 
mechansims can be stowed manually by loosening t h e  proper hydrau l ic  
f i t t i n g s .  
3. VCS PeRFOBMANCE STUDIES 
me following paragraphs w i l l  descr ibe t h e  mathematical sensor 
models used, and the  VCS performance c h a r a c t e r i s t i c s  achieved using 
passive rad ia t ion ,  and ac t ive  nucleonic Coal In te r face  Detectors (CID) . 
In  t h i s  evaluat ion of c u t t i n g  performance a Joy 300-1LS1 longwall 
shearer with a 54 in .  diameter drum was assumed. For t h i s  machine 
and c u t t i n g  drum diameter the  CID ( regard less  of type) is mounted 
approximately four f e e t  behind the cu t t i ng  drum (see Section 5 ) .  
3.1 Active Nucleonic C I D  Mathematical Model - The ca l ib ra t ion  
curve f o r  a 20 in .  ( i .e . ,  20 in .  separat ion between source and de tec tor )  
C I D  sensor is shown i n  Figure 3-1. There is a cesium 137 source emit- 
t i n g  gamma radiat ion,  which is backscattered by the c o a l .  Therefore, 
the th icker  the coal ;  the more backscat ter .  Thus, the number of counts 
per second increase with the  coa l  depth. Two bas ic  sources of e r r o r  
a re  modeled fo r  t h i s  sensor: a var ia t ion  in  the  number of counts 
received i n  a given in t e rva l ,  and the  e f f e c t  of a i r  gap. 
The curve i n  Figure 3-1 i l l u s t r a t e s  the r e l a t i on  between coal  
depth and the number of counts acquired i n  8 sec. The counts repre- 
s en t  the average number of counts received i n  t h i s  i n t e rva l .  The 
number of events occurring i n  a given in t e rva l  i s  Poisson d i s t r i bu ted ,  
with density function 
where A is the parameter of the d i s t r i bu t ion  - i n  t h i s  case,  the 
average number of counts per u n i t  time. For a given time in te rva l  
T the mean and variance of the Poisson d i s t r i bu t ion  a re  
thus,  a s  the in t e rva l  r i s  reduced, the  average number of counts de- 
creases  a s  well a s  the variance. The measurements become n o i s i e r ,  
however, because the  r a t i o  of standard deviat ion t o  mean becomes la rger  
a s  r decreases. 
The a i r  gap e r r o r  occurs whenever the source o r  detector  is  not 
i n  complete contact 'with the  coal  surface. I n  t h i s  case,  rad ia t ion  
shor t -c i rcu i t s  the coal and i s  picked up by the  sensor d i r ec t ly ,  there- 
by r e su l t i ng  i n  a la rger  nrrmber of counts than would normally be ex- 
pected f o r  a given depth of coal .  When the ca l ib ra t ion  curve shown 
i n  Figure 3-1 is used t o  i n t e rp re t  t h i s  data ,  the coal depth indicated 
by the sensor i s  l a rger  than tha t  ac tua l ly  present.  
Figure 3-1. Nucleonic CTD Calibration Curve 
The simulation of t h i s  sensor was a s  follows: 
(1) C o a l  depth is computed every 0.05 sec. and averaged f o r  7 
seconds which simulates the averaging due t o  motion of the  CID during 
the in t e rva l  T a s  the shearer  t r ave r se s  the face.  
(2 )  Calibrat ion curve f (x) is used t o  determine the nunber CAL 
of counts/second f o r  inches of coal 
(3)  Poisson d i s t r i bu ted  noise is added t o  CACT with mean and 
variane of CT 
(4) Uniformally d i s t r i bu ted  noise between the in t e rva l  ( 0  - 
250) countslsecond i s  added t o  simulate an a i r  gap of 0 - 0.5 in .  
C~ = CN + U(0 - 250) 
( 5 )  The ca l ib ra t ion  curve is again used t o  i n t e rp re t  CN a s  
inches of coal 
The resu l tan t  value of % i s  t rea ted  a s  the CZD output,  ava i l -  
ab le  every T second. 
3.2 Natural Radiation C I D  Model - The natural  r ad i a t ion  sensor 
measures background rad ia t ion  transmitted through the coa l ,  from t h e  
natura l ly  radioact ive overburden. Figure 3-2 shows the ca l ib ra t ion  
curve f o r  a 3 i n .  c rys t a l  de tec tor  without shielding.  Since the radi- 
a t  ion is transmitted ra ther  than backscattered, the number of count s 
decreases a s  coal  depth increases.  The number of counts is  consid- 
erably lower than with the  nucleonic sensor and, a s  a r e s u l t ,  the  
na tura l  rad ia t ion  eensor is inherent ly more noisy. Since there i s  
no rad ia t ion  source, a i r  gaps have l i t t l e  e f f e c t  on the  sensor perfor- 
mance. The simulation is the  same a s  with the ac t ive  nucleonic sensor,  
except t h a t  the natural  rad ia t ion  ca l ib ra t ion  curve is  used, and a i r  
gap noise is omitted. I n  the  simulation of VCS performance a 5 in. 
de tec t ion  c r y s t a l  was assumed. I n  order  t o  simulate the  5 in .  c r y s t a l  
the counts on the  ca l ibra t ion  curve shown i n  Figure 3-1 was scaled 
by the r a t i o  of the square of the c rys t a l  diameters i .e. ,  o r  
2.778 t o  account for  the increased number of counts due t o  the 5 in .  
diameter. 
3.3 Optimization of CID Averaging In te rva l  - As indicated above 
the longer the averaging in te rva l  T the smaller the noise e r r o r  i n  
the CID-measurement lending t o  improve VCS cu t t i ng  per formance. How- 
ever,  a s  the averaging in t e rva l  increases  the e f f e c t i v e  l a g  through 
the  sensor increases tending t o  degrade VCS c u t t i n g  performance. 
Therefore, f o r  a given CID i n  a pa r t i cu l a r  mounting locat ion behind 
the  cu t t i ng  drum there e x i s t s  an averaging in te rva l  which w i l l  r e s u l t  
i n  optimum VCS c u t t i n g  performance. This opt h u m  averaging in t e rva l  
was determined f o r  both the  passive rad ia t ion  and ac t ive  nucleonic 
C I D  i n  t h e i r  designed mounting locat ion approximately four f e e t  behind 
the  cu t t i ng  drum. Table 3-1 and 3-2 l i s t s  the RMS cu t  e r r o r  and the  
percent time i n  rock fo r  the  passive rad ia t ion  and a c t i v e  nucleonic 
C I D ' s  respect ively a s  a function of C I D  a\ eraging time for  the  condi- 
t i on  where the  VCS was under C I D  control  only and the bottom drum 
slaved. In addi t ion  the  ac tua tor  dynamics were eliminated from the  
simulation s ince they have no e f f e c t  on the r e s u l t s  and computer run- 
ning time is decreased. Refering t o  Tables 3-1 and 3-2 i t  is seen 
t h a t  the optimum averaging interva? I s  2.0 and 0.5 sec f o r  the passive 
radiat ion and ac t ive  nucleonic C I D s  respect ively.  These values were 
used i n  a l l  of the VCS performance evaluations described below. 
3.4 VCS Performance with Passive Radiation C I D  - Using the  opt i- 
mum averaging in te rva l  of 2.0 sec For the  passive radiat ion CID VCS 
cu t t i ng  performance was determined. Ten c&ecutive passes were made 
with the  longwall shearer  using the VCS cont ro l  system defined a t  
the conclusion of the  phase I portion of the study. This system con- 
s i s t s  of a passive rad ia t ion  C I D ,  two sens i t ized  picks having a 90 
percent accuracy, and a past cut  follower for  roof cu t t i ng  drum con- 
t r o l .  The bottom cu t t i ng  drum i s  slaved t o  the top drum maintain- 
ing a constant seam height  by a present cut  follower located d i r e c t l y  
above the  center  of the  b o t t ~ m  drum and bearing on the  present cut  
(See Section 5 ) .  The r e s u l t s  of these s tudies  a r e  out1 Cned i n  Table 
3-3, and show t h a t  the VCS exhib i t s  s t ab l e  performance as repeated 
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Figure 3-2. Katural Radiation CID Calibration Curve 
Table 3-1. VCS Performance as  a Function of Averaging Interval 
for the Passive Radiation C I D  
CLD Control Only 
No Actuator Dynamics 
Robinson Run Mine 
CID 4 f t .  behind cutting drum 
Bottom drum slaved 
4 in.  Bias 
Averaging Interval 
(set) 
1 
2 
3 
- 
ROOF 
RMS Cut Error 
(in) 
- 
2.92 
2.71 
2.9 
FLOOR 
Percent Time in  
Rock (%) 
15 6 
11.8 
15.4 
RYS Cut Error 
( in)  
- 
3.36 
3.36 
3.53 
Percent Time i n  
Rock (i) 
9.75 
12 .7  
14.29 
Table 3-2. VCS Performance a s  a Function of Averaging Interval 
for the Active Nucleonic CID 
C I D  Control Only 
No Actuator Dynamics 
Robinson R-~n Min+ 
C I D  4 f t .  behind cutting drum 
Bottom drum slaved 
4 in.  b i a s  
Averaging 
Interval 
(set) 
0.25 
0.5 
1.0 
2.0 
- -.---- - -  -- --- ----- .-- - 
ROOF 
---- .._- --.---- 
FLOOR 
- 
RMS Cut Error I Perlent Tine iu ! RMS Cut Error Percent Time i n  
(In) 
2.51 
2.48 
2.54 
3.05 
Hock (%) 
- 
6.12 
5.9 
6.58 
6.35 
-. 
~ o c k  ( X )  
----*.- 
11.1 
12.02 
11.1 
17.2 
- - - 
(in) 
3.19 
3.15 
3.2 
3.51 
----C-- - 
Table 3-3.  VCS Performance Using Paeslve Kadiation ClU 
Robi~~son Run Mine 
With Actuators 
Sensitized Picks 90% Correct 
4 in.  Bias 
Passive Radiation CID 4 f t .  Behind Cutting Drum 
2 sec.  CJD Averaging Interval 
5" Detection Crystal 
c u t t i n g  passes are made. The average c u t t i n g  e r r o r  f o r  a 30 f t /min 
sheare r  t r a v e r s e  speed,  using t h e  last f i v e  passes  i n  o r d e r  t o  elim- 
i n a t e  the  s t a r t i n g  t r a n s i e n t ,  was 2 . 7 4  i n  wi th  an  11.28 percent 
time i n  rock f o r  t h e  roof ,  and a 3 .54  i n  RMS w i t h  a n  14.43 percent  
time i n  rock f o r  t h e  f l o o r .  Th i s  compares favorably  wi th  t h e  5 .5  
i n  RtU c u t  e r r o r  which inc ludes  a mean of 3.1 i n  p r e s e n t l y  being ob- 
t a ined  manually. It is t h e r e f o r e  concluded t h a t  t h e  VCS us ing  a 
pass ive  r a d i a t i o n  CID meets o v e r a l l  system performance requirements 
of e q u a l l i n g  o r  surpass ing t h e  performance p r e s e n t l y  achieved manually 
a t  a shearer  t r a v e r s e  speed of 30 f t lmin .  Figure  3-3 shows VCS per- 
formance c h a r a c t e r i s t i c s  f o r  the  f i r s t  pass us ing  t h e  pass ive  radia- 
t i o n  CIR. 
3.5  'JCS P e r f o m n c e  wi th  an 4 c t i v e  Nucleonic CID - Replacing 
t h e  pass ive  r a d i a t i o n  C I D  w i t h  t h e  a c t i v e  nucleonic C I D  keeping a l l  
o t h e r  elements of the  con t ro l  system i d e n t i c a l  t o  t h a t  desct ibed above, 
VCS performance was determined. The averaging i n t e r v a l  used was 0 . 5  
sec . which yie lded optimum perfolrmance f o r  t h e  a c t i v e  nucleonic CID 
a s  descr ibed i n  Sect ion 3 . 3 .  Ten consecut ive  passes  wi th  t h e  long- 
wall  shearer  were made and the  r e s u l t s  ou t l ined  i n  Table 3-4 and show 
t h a t  s t a b l e  VCS performance r e s u l t s  when using t h e  a c t i v e  nucleonic 
CID.  The average c u t t i n g  e r r o r  f o r  a 30 f t /min sheare r  t r a v e r s e  speed, 
us ing t h e  last f i v e  passes  t o  e l imina te  s t a r t i n g  t r a n s i e n t s ,  was 3 . 2 3  
i n  RMS with  an 8.73 percent  time i n  rock f o r  the  roof and 3.19 i n  
RMS with an 7 . 0 3  percent  t i m e  i n  rock f o r  t h e  f l o o r .  Th i s  exceeds 
the  manual performance of 5.5 i n  RMS c u t  e r r o r  and hence meets o v e r a l l  
VCS performance requirements. Figure  3-4 shows VCS per fo rmnce  char- 
a c t e r i s t i c s  f o r  t h e  f i r s t  pass us ing  t h e  a c t i v e  nucleonic CIG.  
3 .6  Recommended VCS Conf iguraCion - Ti is  recommended VCS ;on- 
f i g u r a t i o n  i s  t h e  one ersploying t h e  pass ive  r a d i a t i o n  CIL. Although 
the  a c t i v e  nucleonic sensor y i e l d s  b e t t e r  VCS c u t  t inn verformance. 
- .  
t h e  s a f e t y  c c n s i d ~ r a t i o n s  involved with t h e  a c t i v e  r a d i a t i o n  source 
make i t  d i f f i c u i t  t o  ob ta in  t h e  permits necessary t o  a l low i t s  under- 
ground use. However t h e  VCS design w i l l  be compatible wi th  both t h e  
pass ive  r a d i a t i o n  and a c t i v e  zucleonic  C I D s  a l lowing both sensors  
t o  be used interchangeably wi th  simple adapt ing hardware (See Sect ion 5) .  
When the  required permits a r e  obtained f o r  t h e  a c t i v e  nucleonic C I D  
it w i l l  be taken underground, t e s t e d ,  and compared t o  t h e  paseive 
r a d i a t i o n  sensor.  Should the  comparison prove favorable  i t  could 
d i sp lace  t h e  pass ive  r a d i a t i o n  CID fo r  VCS c u t t i n l ,  drum c o n t r o l .  
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Table 3-4. VCS Performance with 
ROBINSON RUN MINE 
WITH ACTUATORS 
SENSITIZED PICKS 90% ACCURATE 
4 I N  BIAS 
PASSIVE RADIATION C I D  4 FT BEHIND CUT'CING DRUM 
0 . 5  SEC C I D  AVERAGING INTERVAL 
20 I N  SEPARATION BETWEEN SOURCE AND DETECTOR 
PASS NO. 
I 
1 
2 
I 3 
4 
5 
6 
7 
8 
9 
10 
AVERAGE OF 
LAST FIVE 
PASSES 
A 
R I S  CUT ERROR 
( in)  
1.94 
2.04 
2.10 
2.29 
2.52 
2.69 
2.33 
2.20 
2.12 
2.03 
2.32 
ROOF 
PERCENT TIMg I N  ROCK 
(XI 
1.6 
5 .O 
4.9 
9.4 
11.2 
17.2 
7.2 
6.8 
5.9 
4.08 
--.- 
8.73 
FLOOR 
RMS CUT ERROR 
(in) 
PERCENT TIMI IN ROCK 
(XI 
i 
2.90 
3.17 
2.98 
3.0 
2.95 
3.32 
3.21 
3.27 
3.25 
3.14 
3.19 
8.6 
5 -8 
3.1 
5 - 2  
2.4 
6.7 
4 .O 
8.3 
11.0 
9.8 
7.03 
¶'he Automated L o o p a l l  Guidance and Control System cons i s t s  of 
t h r e e  m5cr e l ec t ron ic  hardware blocks, the E lec tnwic  Cantto1 Nodule 
(Eta) wich its associated pouer supply, t he  Yaw Alig-nt System (YAS) 
Wlectroaics, and the Master Control S t a t ion  (C4CS) with  its aseocieted 
poPRr supply. The YAS e l ec t ron ic s  cons i s t s  of e l ec t ron ic  packages 
mounted on each of  the roof supports to implement t h e i r  proper advance 
coamand and control ,  and a n  angle c a r t  device i n t e l r a t e d  with the  
shearer f o r  measuring conveyor alignment from which roof support ad- 
vance conmads a r e  generated. The HCS located i n  the headgate a r ea  
(prabably on t h e  s tage  loader) is t h e  c e n t r a l  con t ro l  and m i t o r i n g  
s t a t i o n  f o r  t he  Autamated Longwall Guidance and Control System and 
v i r t u a l l y  a l l  system functions can be atoniiored and i f  des i red  control-  
l ed  from t h i s  location. 
The shearer  mounted Bad is the  e l ec t ron ic  hea r t  of t he  Automated 
Longwall Guidance and Control System containing most of t h e  monitor- 
ing, comaand and control ,  an.: processing e l e c  t ronics  including t h e  
c ~ n t r a l  processing u n i t ,  required f o r  automated longwall operat ion. 
A s  such the EQl contains  t he  e l ec t ron ic s  f o r  the three  major cont ro l  
loops needed f o r  automated longwall operat ion which a r e  t he  Ver t ica l  
Control System (vCS), t he  Boll  Control System (RCS) and the  Yaw Align- 
ment System (YAS). The present port ion of t h e  study is concerned 
primarily with the  design of the Ver t ica l  Control System port ion of 
the  Automated Longwall System and hence t h e  primary emphasis w i l l  
be on t h i s  design. However s ince  a t o t a l l y  automated longwall system 
is desired,  consideration was a l s o  given t o  t he  various o ther  m j o r  
e l cc  t ronic  blocks and control  loops where appropriate .  
4.1 Overall System Design of Automated Longwall System - The 
funct ion of t he  VCS is t o  cont ro l  t he  two c u t t i n g  drums of the  double 
ended ranging a m  Joy LW 300 Shearer s o  t h a t  they w i l l  remein within 
the  coa l  seam. The VCS described herein is capable of taking a l l  
the coal  on the roof and f loo r ,  o r  i f  desired,  leave a given amount 
( i . e . ,  b i a s )  of head and/or f l oo r  coa l  while taking a minimum amount 
of rock. The VCS w i l l  maintain the  d is tance  between t w ~  successive 
cu t s  such t h a t  the  roof supports may advance s a t i s f a c t o r i l y .  
In addi t ion t o  the VCS control of the  d r m s  a s  described i n  the 
preceding paragraph, the ECM is a l s o  configured t o  accept t he  sensor 
s igna l s  required t o  maintain the a t t i t u d e  of the longwall shearer  
about i t s  longi tudinal  ( r o l l )  ax is .  This r o l l  cont ro l  is required 
t o  maintain a perpendicularity t o  the  longwall panel being mined, 
and allow adjustment which w i l l  accomnodate seam geometry. 
Provisions have a l so  been made i n  the ECM t o  accomodate the 
YAW alignment measurements and algorithms required t o  automatically 
advance the roof supports i n  such a manner t ha t  the conveyor "s traight-  
ness" remains within acceptable l i m i t s  and perpendicular t o  both 
headgate and t a i l g a t e .  
4.1.1 'Pop tevel System Trade-Of f s  - Before ' the prelimilrary design 
of the W X  a d  could proceed soate top level  system t rades  had 
to be performed wbich are-described belo&: 
4.1.1.1 Digital vs Analog Implementation - As in any system 
desiga a t rade that must be made is whether the system implementation 
should be eaalogl or d i g i t a l .  b e  of the  prime dr ivers  i n  d e t e d n i n g  
system implementation is the electromagnetic (IUM) environment tha t  
the equipmeat w i l l  be required t o  operace in. Due t o  the large  elec- 
t r i c a l  motors on the shearer proper (i.e., drum c u t t e r  motors, shearer 
haulage motor), and the large e l e c t r i c a l  motors chet a r e  required 
t o  drive the face conveyor, s tage loader, and panel conveyor, the  
potent ia l  for  Bbn interference is high. It would be d i f f i c u l t  t o  
design ea analog system t h a t  would operate r e l i ab ly  in  the  B W  environ- 
meat present on the shearer and the longvall face area. Therefore, 
from an EJM viewpoint a d i g i t a l  system implementatian, including 
d i g i t a l  sensor encoding wherever possible , would .minimize the a f f e c t s  
of Ebn interference and is lauch preferred over its analog counterpart. 
Given the complexity of the required longwall control,  da ta  pro- 
cessing, and s t a tus  monitoring algorithms i t  would be very d i f f i c u l t  
t o  have an analog system implementation even i f  the algorithms would 
remain constant and not require change. However due t o  the  variat ions 
i n  mining conditions and physical coal parameters the longwall algo- 
rithms w i l l  require periodic change and modification. By the use 
of d i g i t a l  techniques many control and operational parameters may 
be readily modified t o  meet changing environmental conditions by 
simply changing the  prograat and reading the new program in to  the memory. 
This is considerably simpler than going in to  the mine environment 
during a maintenance schedule and modifying o r  replacing analog hard- 
ware.. By designing the  d i g i t a l  hardware properly the  system configura- 
t ion  a s  -11 a s  it 's operating parameters become subs tant ia l ly  sof t -  
ware dependent and re la t ive ly  hardware independent. A consider- 
able  level  of sophist icat ion has been achieved i n  the compiling of 
software and i n  devising useful special purpose software routines. 
The use of these techniques simplif ies  the design task t o  a consid- 
erable extent.  In addition considerable engineering e f f o r t  has been 
expended i n  the l a s t  f i f t een  years by industry t o  provide the systems 
engineer with a variety of thoughtfully designed d i g i t a l  building 
blocks fur ther  simplifying system design. 
Due t o  the above outlined considerations a d i g i t a l  ra ther  than 
analog design approach has been adopted for  the  automated longwall 
system. 
4.1.1.2 Software vs Hardware Trade Offs - When the d i g i t a l  hard- 
ware is i n i t i a l l y  designed many of the taska tha t  must be performed 
may be performed e i t h e t  by simple programs operating in  complex hard- 
ware c m f  igura t ions  o r  by complex programs operat ing i n  simple hard- 
ware cmfigurat iorrs .  I n  many cases  t he  systems designer has  degrees 
of freedom i n  assessing these  t rade  o f f s .  The basic  philosophy used 
ia the  &sign of t he  VCS is t o  s t r i v e  f o r  simple hardware configura- 
t ions  . 
4.1.1.3 Multiplexing vs  Direct Sensor Information Lines - Once 
a d i g i t a l  system has been spec i f ied  as the  system implementation tech- 
nique f o r  t he  VCS, a t rade  is required t o  determine the  manner by which 
sensor information is going t o  be transmitted t o  t he  E6M. The option8 
t h a t  a r e  ava i l ab l e  are t o  pass the e s s e n t i a l l y  a l l  d i g i t a l  sensor 
i a f  ormation d i rec t !  y t o  the ECM maximizing the  number of l i a e s  going 
t o  and from t h e  ECM but  minimizing system e l ec t ron ic  complexity; o r  
t o  use multiplexing techniques which m u l d  minimize t h e  number of 
lines going t o  and from the  ECM a t  the expense of increasing VCS elec- 
t ron ic  complexity. I n  order  t o  e s t a b l i s h  whether multiplexing of 
sensor information is des i rab le  the number of l i n e s  between the  aen- 
so r s  and the  ECM were determined when sensor information is sen t  
di r e c t l y  t o  t he  Em. .These determinations indi ~ a t e d  t h a t  approxi- 
mately 70 s igna l  lines and ten  power lines wou!d be required t o  pass 
sensor information d i r e c t l y  t o  the ECM from one of the  shearer  rang- 
ing arms. (This would be repeated fo r  the  o ther  ranging arm. However, 
t h i s  is of no consequence i n  t he  evaluation s ince  the multiplexing 
system would a l s o  have t o  be repeated f o r  the  other  ranging a r m )  
When considering d i g i t a l  multiplexing two general techsiques a r e  avai l -  
ab le  i .e . ,  s e r i a l  and p a r a l l e l  d i g i t a l  multiplexing. S e r i a l  d i g i t a l  
multiplexing would require  the minimum number of l i n e s  s ince  a l l  
data  would be transmitted on a s ing le  p a i r  of l ines .  This would re- 
s u l t  i n  a savings of approximately 68 signal l i n e s  s ince  the  power 
l i nes  would still be required t o  power the various sensors.  However, 
the e l ec t ron ic  complexity introduced by s e r i a l  d i g i t a l  multiplexing 
is considerable requir ing universal  Asynchronous Receiver Transmitter 
(UARTS) i n  addi t ion t o  the multiplexing and timing c i r c u i t r y  on the  
sensor end of t h e  l ine .  I f  p a r a l l e l  d i g i t a l  multiplexing is employed, 
the e l ec t ron ic  complexity introduced a1 though appreciable,  would be 
l e s s  than s e r i a l  multiplexing s ince UARTS would not be required. 
However the number of s igna l  l i n e s  would increase from two t o  ten  
determined by the  l a rges t  d i g i t a l  word required t o  be transmitted from 
the sensor ( i . e . ,  CID) locat ion r e su l t i ng  i n  the  saving of approxi- 
mately 60 s igna l  l ines .  It should a l s o  be noted t h a t  when employ- 
ing multiplexing techniques the speed of the system is reduced, which 
is more severe fo r  s e r i a l  d i g i t a l  multiplexing, and a c e r t a i n  degree 
of f l e x i b i l i t y  is l o s t  with respect  t o  the manner i n  which da ta  can 
be clocked i n t o  the  CPU. It should be fu r the r  noted t h a t  regardless  
of the multiplexing technique employed, cables  from the ECM t o  the 
sensors would s t i l l  be required Eor power, i n  addi t ion t o  cables  from 
the sensors t o  the junction box where the multiplexing system is 
housed. It hardly seems worth the e lec t ronic  complexity introduced 
by multiplexing fo r  the savings of the few re l a t ive ly  shor t  cables  
from the junction box t o  the  ECM t h a t  would r e s u l t .  
Therefore, a s  a r e su l t  of these considerations, d i r ec t  trans- 
mission of sensor data t o  the ECM has been chosen a s  the implementa- 
t ion  technique fo r  the VCS. 
4.1.1.4 Minicomputer vs Microprocessor Trade Off s - After the 
analog/digital/sof tware trade o f f s  were evaluated and basic systems 
design decisions bere established, the Zmplementation with micropro- 
cessor vs minicomputer technology was studied. 
The longwall system requires approximately 400 inputloutput (I/O) 
l i n e s  and a lso  substantial  computational power i n  the computer system 
selected.  The minicomputer is superior t o  the microprosessor i n  c o w  
putational power but has limited 1/0 capabil i ty . The microprocessor , 
on the other  hand, is an ideal  control device with powerful 1/0 struc- 
tu res  but with limited computational a b i l i t y .  However an ample supply 
of  building blocks, microprocessor compatible, which can enhance the 
computational a b i l i t y  for  control applicat ions are  available. Typical 
of  these building blocks are a number of arithmetic logic un i t s  (ALU'B), 
microprocessor compatible, tha t  have been developed for  calculator  
applications. By interfacing one o r  more of these devices in  a dis- 
t r ibuted processing network through the microprocessor I / O  system 
a very nearly ideal  systems solut ion was found. This solut ion provided 
a very powerful s e t  of 110 conmand and control instructiofls together 
with a very powerful computational a b i l i t y .  This proved t.3 be a con- 
t r ibu t ing  reason fo r  the txelection of microprocessor technorogy for  
t h i s  application. 
A second, and important, advantage of the microprocessor is the 
eaRe of interfacing i t  t o  the sensors, encoders, hydraulic actuators ,  
motor cont ro l lers  and other auxil iary devices. A large nlnnber of micro- 
processor compatible chips a re  available t o  simplify t h i s  interfacing 
problem. Minicomputers, on the other hand, typica l ly  have a f a i r l y  
complex 110 interface,  primarily sui ted t o  data exchanges with EDP 
terminals, l i n e  pr in ters ,  tape s t a t ions  and disc f i l e s .  Controllers 
may be designed t o  service large numbers of 110 l ines ,  however i t  
would be a more involved design than se lec t ing  another integrated 
c i r c u i t  chip a s  would be the case with microprocessor technology. 
A th i rd  and important reason fo r  the select ion of microprocessor 
technology is tha t  of power l i m i t s  which are in t r ins ica l ly  safe and 
thereby not requiring an explosion proof box. Typical of the TTL 
logic i n  a minicomputer i s  a J-K f l i p  f lop  which can use up t o  25 ma 
quiescent current. The same device i n  the CMOS microprocessor and logic 
families chosen, uses 250 micro-amp max, which is about LOO times 
l e s s ,  enabling in t r ins ica l ly  safe power levels  t o  be met. 
A fou r th  and s ign i f i can t  reason f o r  t he  s e l ec t i on  made is t h a t  
of r e l i a b i l i t y .  WOS technology was primari ly  developed f o r  r e l i a b i l i t y  
enhancement, a prime considerat ion when operat ing i n  the  mine environ- 
ment. 
4.1.2 Operabi l i ty  - Operabi l i ty ,  a s  a f i gu re  of merit, fo r  t he  
design of t h e  longwall shearer  cons ises bas i ca l l y  of determining t h e  
answers t o  four  quest ions : 
1. A t  what r a t e  does t he  s y ~  .-m mine coal .  
2. Elow long w i l l  it con t in~ f . t ? -  l y  mine coa l  before i t  experiences 
repa i rab le  f a i l u r e .  
3.  How long does i t  take t o  f i x  t h e  repa i rab le  f a i l u r e  when 
i t  occurs. 
4. How long do we operate with reduced or no coal  production. 
The design goal fo r  coal mining r a t e  is  nominal operat ion a t  
30 f t lmin  with 50 foot  per  minute maximum t r ave r se  speed along the  
face  with no appreciable degradation i n  performance. The mean time 
t o  f a i l u r e  and the  mean time t o  r epa i r  a r e  r e l i a b i l i t y  and maintain- 
a b i l i t y  design goals  t o  be es tab l i shed  i n  the  design phase of the 
program. It is c l e a r  t h a t  a mean time t o  f a i l u r e  f igure  i n  t h e  hun- 
dreds of hours and a mean time t o  r epa i r  i n  t h e  tens  of hours a r e  
p rac t i ca l  and read i ly  obtainable  with current  technology. 
4.1.2.1 R e l i a b i l i t y  - R e l i a b i l i t y  of the  system is express ib le  
i n  terrae of mean time between f a i l u m s  (MTBF). The ca l cu l a t i on  of 
t h i s  number is  performed by ca re fu l ly  summing weighted r e l i a b i l i t y  
i nd i c i e s  fo r  each of  t he  separate  components of  t he  system. These 
weighted ind i c i e s ,  when examined, a r e  found t o  be a s t a t i s t i c a l  com- 
pos i t e  involving component q u a l i t y  , power d i s s ipa t ion ,  operat ing tem- 
perature  and vol tagelcurrent  s t r e s s  levels .  Such a calcr l la t ion cannot 
be performed u n t i l  p a r t s  spec i f i ca t i on  and d e t a i l  design and ana lys i s  
a r e  complete . 
The 30 foot/minute nominal t raverse  ve loc i ty  fo r  the  shearer  
is es tab l i shed  la rge ly  from considerat ions of improving the  present 
coal  mining e f f ic iency  by a f ac to r  of th ree  t o  f ive.  This means t h a t  
the  system must r e f l e c t  MTBF nmbers  and mean t i m e  t o  r epa i r  (MTTR) 
numbers t ha t  do not de t r ac t  from the  operat ing performance ta rge ts .  
During the  design and development s t age  i t  is important t o  or- 
ganize t he  design e f f o r t  t o  assure  i ndus t r i a l  grade p a r t s  q u a l i t y ,  
low pa r t s  stress l eve l s ,  power de-rating of components and a thermal 
design f r e e  of hot  spo ts  thus enhancing system r e l i a b i l i t y .  
4.1.2.2 Maintainabi l i ty  - A l l  physical systems a r e  subjec t  t o  
some f a i l u r e ,  sometime, under some s e t  of conditions.  When such a 
f a i l u r e  does-occur  with the  longwall shearer  i t  is important t o  be 
ab le  t o  e f f e c t  r epa i r s  quickly,  e a s i l y  and i n  the mine environment 
where the f a i lu re  takes place. This d ic t a t e s  tha t  a l l  functional 
components, i .e . ,  box level ,  be replaceable eas i ly  and i n  the  mine 
environment. This a lso  d ic ta tes  tha t  the design be performed so t h a t  
consequential fa i lures  are  eliminated. I f  a s ingle  point f a i lu re  
occurs, the sys tem design must preclude the poss ib i l i ty  of a f i r e  
cracker l ike  s t r ing  of consequential f a i lu res  from being caused. 
Major subsystems i n  permissible boxes must be e a s i l y  diagnosed 
(by the  DAS contro l ler )  and replaced quickly i n  the mine environment. 
The explosion proof boxes must be replaceable, i n  s i t u ,  i n  a reason- 
able amount of time. (i .e. ,  within one maintenance s h i f t )  
Those subsystems tha t  can be shown t o  have a very long MTBF, 
i .e.:  cable harness, need not meet the  simply and eas i ly  replaceable 
cr i te r ion .  
4.1.3 System Block Diagram - Figure 4-1 is a block diagram show- 
ing how the  longwall automation assemblies interface.  The sensor 
and control inputs in to  the various assemblies are  l i s t e d  a s  a re  t h e i r  
control  outputs. The data and control paths a re  a l so  indicated for  
continuity i n  information flow throughout the  longwall automation 
e lec t ronics  . This diagram segregates the  assemblies in to  the  three 
major electronic hardware blocks consisting of the Electronic Control 
Module (Em), the Master Control Stat ion (MCS), and the electronics 
mounted on the roof supports which i n  conjunction with the shearer 
mounted angle ca r t  form the  YAW Alignment System (YAS). One roof 
support electronic subassembly is shown which i s  typical  of the roof 
support mounted electronics employed along the longwall face. The 
comunications subsystems are not separately defined and have been 
integrated within t h e i r  respective subassemblies. 
The Active Nucleonic CID was selected over the Passive Radiation 
C I D  i n  t h i s  preliminary design. This choice was made because i ts  
implementation was the more complex of the two and subsequent employ- 
ment of the  Passive Radiation C I D  could be accomplished by eliminating 
some hardware and a s l i g h t  change in  software. Had the Passive Radia- 
t ion  C I D  been chosen for  chis  preliminary design, a subsequent change 
t o  the Active Nucleonic C I D  would resu l t  in  a s igni f icant  impact on 
the system hardware and so£ tware. 
The ECM can be divided in to  four major subdivisions i . e . ,  Signal 
Conditioning, Communications, 1nput /output (1101, and the Central 
processing unit  (CPU). The functions and operation of each of these 
parte  are described br ief ly  in  the paragraphs tha t  follow. 
ELECTRONIC CONTROL 
MODULE <ECM.l 
ROOF SUPPORT 
ELECTRONICS YAW 
ALIGNMENT SYSTEM 
I I ' Figure 4-1. 
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The ECM signal  conditioning has been configured t o  supply power 
to and receive signals  from a l l  the sensors located on the  shearer. 
These sensor s ignals  vary from low level analog signals ,  through pulse 
s t r e a m  of continuous data t o  absolute binary words. The sensor s ig-  
na ls  a re  conditioned and transformed in to  8 b i t  binary words f o r  use 
by the main processing and control computer v ia  the  input/output c i r -  
cui t s .  The manual inputs are conditioned i n  the same manner a s  the 
sensors i n t o  binary words o r  par ts  of words t o  represent the  desired 
or selected control.  These input s ignals  are  supplied t o  the input/ 
output ports for  use by the main processing and control computer. 
The signal  conditioning is a lso  employed t o  receive signal  com- 
mands from the  main processing and control computer v i a  the  inputlout- 
put electronics and properly drive the control devices l i s t ed .  The 
signal conditioning transforms the d i g i t a l  words and b i t s  in to  the 
appropriate control levels  required fo r  t h e i r  respective control de- 
vice, o r  t o  generate s ignals  which i n  turn control high energy in- 
puts required by some control devices. 
Because of the i n t r i n s i c a l l y  safe power levels  desired i n  the 
Electronic Control Module (ECM), Industr ial  Grade Complementary Sym- 
metry Metal Oxide Semiconductor (CMOS) technology and low power l inea r  
c i r cu i t s  a re  employed, where applicable. Also worthy of note a t  t h i s  
point is tha t  the CMOS technology was developed for  high r e l i a b i l i t y  
and has a higher noise immunity for both power and input s ignals ,  
than most other technologies. 
The input/output portion of the ECM is employed t o  s to re  data,  
conditioned by the signal conditioning, u n t i l  the  main processing 
and control computer has time t o  s tore  and a c t  upon tha t  data.  The 
input ports  receive data from the signal conditioning and s tore  it 
in  8 b i t  binary ports.  A t  an appropriate time within the main proc- 
ess ing and control computer algorithms, c o n t r d  signals  a r e  generated 
by the computer which place these 8 b i t  words, one a t  a time on t o  
the 8 q i t  da ts  bur fo r  subsequent storage in  the appropriate memory 
location within the random access memory of the microprocessor. 
These words a re  used by the computer in  i ts  algorithms or  are  t ransferred 
to  the control and display console via the comaunications portion 
of the ECM. 
The input/output employs indust r ia l  grade CMOS technology ex- 
clusively because of i t s  low power consumption, which enables the  
maintenance of in t r ins ica l ly  safe power levels  with t h i s  degree of 
complexity. The other reasons of r e l i a b i l i t y  and noise immunity 
previously diecussed are a lso  applicable when just ifying a choice 
of a 0 8  technology. 
The communications port ion of t he  tfCM system is a micro-processot 
based subsystem employed t o  t r a n s f e r  voice and da ta  from the  shearer  
t o  the cont ro l  and display console and the  roof support e l ec t ron i c  
subassemblies. This  voice and da ta  l i n k  a l s o  provides f o r  t h e  voice 
and da ta  from the  control  and d isp lay  console t o  the  shearer  and from 
the  roof supports t o  the  shearer .  
The comunicat ions subassembly provides the  mechanism f o r  load- 
i ng  i n i t i a l  constants  i n t o  the  random access memory of t h e  main proces- 
s i n g  and control  computer, Thebe constants a r e  generated and s tored 
i n  the  processor located i n  the  cont ro l  and d isp lay  console. The 
comunicat ions subsystem a l s o  provides the  mechanism fo r  in te r roga t ion  
of the  shearer  from the  Master Control S t a t i on  (MCS). 
As before,  i n d u s t r i a l  grade CMOS t echno l~gy  has been employed, 
where p rac t i ca l ,  because of low power consumpt ion ,  high r e l i a b i l i t y ,  
and high noise immunity on both power and s igna l  l i ne s .  
The main p rwess ing  and control  computer is a microprocessor 
based subassembly employed t o  provide the  i n t e l l i gence  f o r  operation 
of the longwall system i n  the  automatic and remote modes of operat ion 
and t o  provide f a u l t  and s t a t u s  monitoring of the  longwall system. 
This subassembly contains  the control  algorithms required f o r  cont ro l  
of the  shearer  and roof supports and fo r  monitoring of t he  s ta tue  
and f a u l t s  within the  shearer  e lec t ron ics .  
The CPU s t robes  sensor o r  control  da ta  from the  inputloutput 
por t s  fo r  use, and a l s o  s to re s  data  for  use by the  cont ro l  and die- 
play console Comands a r e  loaded i n t o  por t s  of the input/output 
e lec t ron ics  fo r  cond; : ioning and subsequent use by cont ro l  devices 
of the shearer.  Additional da ta  t r a n s f e r s  t o  and from the  cont ro l  
and display console and roof support subassemblies. This is accom- 
plished by the  CPU opening up i t s  da ta  and address bus l i n e s  a t  a 
s p e c i f i c  time whereby the  comunicat ion subassembly may obtain da ta  
from and modify i t s  random access memory with appropriate  data .  
As before,  i n d u s t r i a l  grade CMOS technology is employed where 
pa rac t i ca l  because of i ts  low power, high r e l i a b i l i t y ,  and high noise 
immunity. 
The ECM has cont ro ls  on the f ron t  panel which a r e  only used i n  
check out  of the  ECM. The manual cont ro ls ,  employed fo r  manual opera- 
t i ons ,  a r e  a pa r t  of the o r ig ina l  Joy equipment and w i l l  continue 
t o  be the cont ro ls  when the  shearer  is  manually operated. 
Direct wires,  cables ,  and junction boxes have been se lec ted  f o r  
t ransfer ing  the  s igna l s  from the  sensors on the  shearer  t o  the  ECM. 
This choice was made over s e r i a l  d i g i t a l ,  and p a r a l l e l  d i g i t a l  
multiplexing a f t e r  an evaluation was made between these techniques. 
Figure 4-2 ind ica tes  the  loca t ion  of the &CM and i t s  power supply, 
the  approximate locat ion of the sensord and con t ro l  devices ,  and t h e i r  
respec t ive  cables  and approximate routing. Note should be made a t  
t h i s  point t h a t  a port ion of the cablea shown w i l l  be routed ins ide  
t he  machine p l a t i ng  and a l l  exposed cables  w i l l  be covered with pro- 
t e c t i v e  condoi t o r  sh ie ld ing  a s  required t o  adequately pro tec t  them. 
The ECM box is bol ted t o  the top  of t he  shearer  i n  t he  approxi- 
mate loca t ion  shown i n  Figure 4-2 through shock absorbing f e e t  con- 
f igured t o  absorb a portion of the v ibra t ions  encountered during the 
cu t t i ng  operation. Should a d r i l l i n g  and bol t ing  operat ion not be 
p rac t i ca l ,  f o r  whatever reaeon, a bracket w i l l  be bol ted t o  the  ECM 
box and i n  tu rn  welded t o  ::he top p l a t e  of the  shearer.  The ECM box 
is protected f tom heavy f a l i i n g  ob jec ts encountered during mining 
operations by a sh ie ld  welded o r  bolted t o  the  top p l a t e  of the  shearer .  
The power supply box, being an explosion proof born, is bol ted 
d i r e c t l y  t o  the  top p l a t e  of the shearer  and requi res  no pro tec t ive  
sh i e ld .  The ECM and power supply boxes a r e  both water and dust proof 
t o  prevent contamination of the e l ec t ron i c s  by the  water spray and 
dust  present on the longwall face.  A l l  of the high energy control  
elements which cannot be made i n t r i n s i c a l l y  s a f e  a r e  mounted i n  t he  
explosion proof Power Supply Box. The outputs of the power supply 
box is e i t h e r  redundantly cur ren t  l imited t o  i n t r i n s i c a l l y  s a f e  l e v e l s  
o r  employ mine permissible explosion proof cables  operat ing through 
packed glands. The ECM box is configured t o  be i n t r i n s i c a l l y  s a f e  
by maintaining power l eve l s  and energy s torage  devices (i .e. ,  capac- 
i t o r s  and inductors)  within acceptable limits t h w  making a l l  of the  
shearer  mounted e l ec t ron i c s  permissible or  i n t r i n s i c a l l y  sa fe .  
4.1.4 Safety - Precautions have been taken i n  t he  preliminary 
design i n  bath control  implementation and sensor appl ica t ion  t o  make 
the  automated longwall equipment and i ts  operat ions s a f e .  
4.1.4.1 Methane - The methane monitors cu r r en t ly  employed on 
the  Joy shearer  as well a s  i ts  present cont ro l  and ehutdown proce- 
dures a r e  s t i l l  used f o r  methane protect ion.  The ECM accepts s igna l s  
from the  methane de tec tor  fo r  display on the  shearer  and t o  transmit 
t o  the Master Control S t a t i on  a s igna l  for  display and warning a t  
t h a t  locat ion.  In addi t ion t o  the display and \uarning the  ECM w i l l  
perform a redundant shutdown based upon methane l eve l s  2 2%. 
4.1.4.2 Radiation - When the Active Nucleonic C I D  i s  employed 
precautions have been taken t o  de tec t  malfunctions within t he  radia- 
t i on  source which may cause rad ia t ion  leakage. The following malfunc- 
t ions  a r e  detected by sensors located on the  shearer  and cause an 
audible alarm t o  be sounded on the ECM f ron t  panel with o r  without 
system power. 
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Figure 4-2. 
4-1 3 
1. Source chamber pressure switch is employed t o  sense t he  l o s s  
of pressure within a pressurized chamber which ind ica tes  t he  possi- 
b i l i t y  of a rupture  i n  t h i s  chamber which could emit rad ia t ion .  
2. Source aperature  open switch i n  conjunction with the  cyl inder  
pressure switch (preload ?ressure) t o  ind ica te  t he  source is not  aL 
the roof and not covered. T h i s  i nd i ca t e s  the  p o s s i b i l i t y  of radia- 
ticrl beinp. emitted i n t o  t h e  mining a r ea  r a the r  than up i n t o  t h e  roof 
only. 
3. Shearer mounted r ad i a t i on  derector  which senses excessive 
rad ia t ion  i n  t h e  proximity of the  de tec tor .  
4.1.4.3 F i r e  - F i r e  sensors have been employed on board the  
-
shearer  t o  de t ec t  excessive heat.  Detection of  excessive hea t  w i l l  
cause the re lease  of a f i r e  re ta rdant  and i n i t i a t e  shearer  shutdown. 
I f  the  shearer  is already shutdown t h e  f i r e  re ta rdant  w i l l  a l s o  be 
released.  
4.1.4.4 Roof Support Precautions - I n  order t o  provide s a f e  
penetrat ion of t h e  longwall mining face and roof support a r ea  by mining 
personnel, provisions have been incorporated within the design f o r  
access keys t o  be located on roof supports on each end of t he  long- 
wall  face.  When penetrat ion i s  desired a key is removed from its 
roof support which w i l l  d isal low power t o  the  shearer  and roof sup- 
por t  systems. Power can only be ac t iva ted  a f t e r  a l l  keys are returned 
t o  the  roof support access key pos i t ions .  Personnel concerned with 
t h e i r  s a f e ty  would not en t e r  i n t o  t he  face a rea  *.i thout possession 
of a key. This is e s s e n t i a l l y  t he  same s a f e t y  procedure used by t h e  
power industry t o  avoid c i r c u i t  breaker tu rn  on while maintenance 
personnel a r e  located along the power l i ne .  
4.1.4.5 Control Precautions - Precautions have been taken within 
the  cont ro l  algorithms t o  prevent hazards where possible .  These hazards 
control  a lgor i&ms follow.- 
1. P r io r  t o  automatic operat ion,  a l l  control  switches on board 
the  shearer  must be i n  the  o f f  o r  neu t ra l  posi t ion.  Any change from 
the off  o r  neu t ra l  pos i t ion  w i l l  r ever t  the shearer  and MCS t o  manual 
made and thereby r eq i r e  the  i n i t i a l i z a t i o n / s t a r t  up procedure t o  be 
performed. 
2. Whenever the system is e i t h e r  shutdown, o r  the automatic/ 
remote is being se lec ted  a f t e r  t he  shearer  has been i n  manual mode, 
the system w i l l  be required t o  go through i ts i n i t i a l i z a t i o n  sequence 
before t he  automatic/remote mode of operation i s  enabled. 
3.' Manual e n t r y  i n t o  the system operat ion from the  Control and 
Display panel keyboard (D~\s) requi res  t he  use of a con t ro l l ed  access 
key. The access t o  the  key is l imited t o  knowledgeable and respon- 
s i b l e  pa r t i e s .  
4.1.4.6 Mine P e m i s s i b i l i t ~  - I n  order  t o  make the  EQ4 permissible 
those c i r c u i t s  and s igna l s  which cannot be made i n t r i n s i c a l l y  s a f e  
a r e  housed i n  an explosion proof box. Power and s i g n a l s  en t e r ing  
o r  ex i t i ng  from the  explosion proof box s h a l l  pass  through explosion 
proof glands and MSHA approved cable.  
The c i r c u i t s  and s igna l s  t h a t  a r e  i n t r i n s i c a l l y  s a f e  are homed 
i n  t he  ECM power supply box. Control power (110 V AC a t  60 cycle) 
comes from the  Shearer Main Control Case, through explosion proof 
cable  and i n t o  t he  ECM power supply box through an  explosion proof 
gland. Power is regulated within the  power supply box and is redun- 
dant ly  current  l imited t o  i n t r i n s i c a l l y  s a f e  l eve l s  p r i o r  t o  i t s  
rou t ing  t o  the  ECM e l ec t ron i c s  box. These i n t r i n s i c a l l y  s a f e  power 
l eve l s  a r e  spec i f ied  by a series of  curves depending on res i s tance ,  
inductance, and capacitance load values which a r e  documented i n  the  
SMRE Research Report t i t l e d  "some Aspects of the Design of I n t r i n s i -  
c a l l y  Safe Circui ts"  published by the  Ministry of Power Safety i n  
Mines Research Establishment", Red H i l l ,  o f f  BroadLane, Shef f ie ld  
3, England. 
Estimates of the  ECM e l ec t ron i c s  power requirements were based 
on past  experience with systems of s imi l a r  complexity. The estimated 
power requirements a r e  a s  follows: 
. + 5 VDC a t  10 amps 
2. + 12 VDC a t  0.40 amps 
3.  - 12 VDC a t  0.40 amps 
4. + 28 VDC a t  0.2 amps 
These power l i n e s  a r e  made i n t r i n s i c a l l y  s a f e  by redundantly 
l imi t ing  the  current  l eve l s  and routing them from the power supply 
box through an explosion proof gland and MSHA approved cable .  The 
power l i m i t s  a r e  a s  follows: 
1. + 5 VW: - th ree  power l i n e s  a r e  required each of which a r e  
redundantly cur ren t  l imited t o  3.5 mps .  Each l i n e  is 
fu r the r  constrained such tha t  i ts  inductive load s h a l l  not 
exceed 1 microhenry and i t s  capc i t ive  load s h a l l  not exceed 
1000 microfarad. These l e v e l s  a r e  s i g n i f i c a n t l y  below the 
6 amp l eve l  a t  5 v o l t s  spec i f ied  f o r  i n t r i n s i c  s a f e t y  by 
the SMRE Research Report quoted above. 
2. + 12 VW: - four  power l i n e s  a r e  required, each of which is 
redundantly current  l imited t o  0.10 amps. Each l i n e  is 
fu r the r  constrained such t h a t  its induct ive load s h a l l  not 
exceed 5 milihenry and i t s  capacitve load s h a l l  not exceed 
0.5 microfarad. These l e v e l s  are s ign i f i can t ly  below the 
0.15 amp l e v e l  a t  24 v o l t s  (+ 12) spec i f ied  f o r  i n t r i n s i c  
s a fe ty  by the SMRR Research Eeport quoted above. 
3. - 12 VDC - four  power l i n e s  a r e  required, each of which is 
redundantly current  l imited t o  0.10 amp#. Each l i n e  is 
fu r the r  constrained such t h a t  its indulcive load s h a l l  not 
exceed 5 milihenry and i t s  capaci t ive load s h a l l  not exceed 
0.5 microfared. These l e v e l s  a r e  s i g n i f i c a n t l y  below the 
0.15 amp l eve l  a t  24 v o l t s  (+ 12) spec i f ied  f o r  i n t r i n s i c  
sa fe ty  by the !MU3 Research iieport quoted above. 
4. + 28 VDC - th ree  power l i n e s  a r e  required, each of which 
is redundantly current l imited t o  0.07 amps. Each l i n e  
is fu r the r  constrained such t h a t  i ts  inductive load s h a l l  
not exceed 5 milihenry and i ts capac i t ive  load s h a l l  not 
exceed 0.5 microfarad. These l eve l s  a r e  s ign i f i can t ly  below 
the  0.13 amp l eve l  a t  28 v o l t s  spec i f ied  f o r  i n t r i n s i c  s a f e t y  
by the SMRE Research Report quoted above. 
The 110 VAC l i n e s  t o  dr ive  the control  ac tua tors  a r e  control led 
from c i r c u i t s  within the explosion proof power supply box and routed 
t o  ac tua tors  through explosioc proof glands and MSHA approved cables.  
4.2 Design of CPU - The preliminary design of the  main proces- 
s ing  and cont ro l  computer was accomplished i n  several  s tages.  The 
f i r s t  s tage  was  that^ of generating the algorithms and sequencing re- 
quired fo r  the automation of the v e r t i c a l  control  system of the Joy 
Longwall shearer previously noted. These algorithms and sequencing 
requirements were then transformed i n  t o  the  operational flow diagrams 
which follow. The flow diagrams and t h e i r  a t tendant  descr ip t ions  
were then employed t o  s i z e  hardware required a s  well a s  the  technology 
chosen fo r  the CPU. 
The following flow char t s ,  block diagrams and descr ip t ions  a r e  
the  r e su l t an t  of the  operat ional  requirements conceived t o  be the 
needs fo r  automation of the longwall shearer.  
4.2.1 Operational Requirements - The vertical control system 
(VCS) operates as a microprocessor controlled closed loop control 
system. Sensory data about real time operation of the shear is made 
available to the microprocessor. The microprocessor then provides 
output c-nds to the longwall shearer based on its input sensory 
data and on the control law algorithms required for satisfactory machine 
operation. 
The VCS provides for automatic, remote and manual operation of 
the longwall shearer cutting arms. In the automatic mode of operation 
the system is under control of the microprocessor and its pre-programed 
control algorithms. In the remote mode of operation the system is 
under the control of the control and display panel, i.e., Master Control 
Station, and may be directed in all of its operations under pushbutton 
control. In the manual mode of operation the system is under the 
control of the manual control panel located on the shearer. 
The manual mode of operation is a preemptory mode of operation; 
i.e. it will take over system control from the automatic or remote 
modes at any time the manual switch is operated. The system will 
also go into the manual moda of operation any time a key is removed 
from a lockswitch on the roof support. This is an auxiliary function 
not under Main Processing and Control Computer (MPCC) control. 
In all three modes of operation the MPCC operates to provide 
status information to the CLD panel. In all three modes of operation 
the MPCC will monitor hazard sensors and place the shearer in an 
emergency power off or in a shearer power off condition, if necessary 
from safety considerations. 
The software is designed as a block structured series of rel- 
atively independent subroutines interconnected by conditional calls 
in a master program (LINKUP). These subroutines are listed in 
Table 4-1. 
LINKUP, Figure 4-3, provides for five defined states of operation: 
1. Power on initialization 
2. Normal operation; automatic, remote or manual 
3. Normal power off operation 
4. Emergency shut down of system 
5. Shut down of shearer 
T a b l e  4-1. L i s t  of Firmware Routines 
FUNCTION 
MASTER MONITOR PROGRAM 
LOADS PARAMETRIC DATA AT TURN ON 
ROLL RAM CONTROL ALGORITHM 
VCS TURN ON PROCEDURE 
EMERGENCY SHUTDOWN 
MALFUNCTION SHEARER POWER OFF 
REMOTE AUTOMATIC MODE SEQUENCE ON 
STATUS MONITOR 
CID CALIBRATION CORRECTION 
LEAD DRUM COCK2OL ALGORITHM 
TRAILING DRUM CONTROL ALGORITHM 
NORMAL POWER OFF SEQUENCE 
SHEARER TURN AROUND ALGORITHM 
MANUAL MODE CONTROL SEQUENCE 
ROLL RAM POSITION SERVO LOOP 
FIGURE ROUTINE 
LINKUP 
LOADER 
ROLRAM 
VCSGO 
HELP 
SHRDON 
RAMS 
STATDO 
CALCULE 
LEDRUM 
TRADRUM 
PWRDON 
SHROND 
MALSEQ 
LINKUP may be accessed through operator  in te rvent  ion a t  e i t h e r  
the  C&D panel o r  the  manual cont ro l  panel. During the  power on i n i t i a l -  
i z a t i on  phase of LINKUP the system switches a r e  checked t o  be i n  the  
co r r ec t  pos i t ion ,  the parametric da ta  is loaded i n t o  memory and the  
microprocessor is i n i t i a l i z e d  t o  its s t a r t i n g  locat ion.  LINKUP a l s o  
provides f o r  emergency power o f f  (HELP) , power o f f  of shear  ( SHRDON) 
and normal power of f  operat ion (PWRDON). A s  the LINKUP program ex- 
ecu tes  i t  continuously t e s t s  t o  determine hazardous o r  malfunctioning 
condi t ions t h a t  would t r i gge r  the HELP o r  SHaDON power down commend. 
As t he  l inkup program executes i t  tests the auto-remote-manual switches 
and puts the  system i n  the  appropriate  mode of operation. 
4.2.1.1 LOADER Figure 4-4 - This subroutine provides fo r  the 
loading of the RAM memory on the  shearer .  The bas ic  operation of 
the program c a l l s  fo r  the MPCC, under ROM cont ro l ,  t o  continuously, 
on each program pass,  look for  a switch s e t t i n g  t h a t  w i l l  cause i t  
t o  go t o  a LOADER subroutine res ident  i n  the  iorrmunications ROM. 
This res ident  loader w i l l  then load the  parametric da ta  from the C&D 
panel v i a  the communications l i n k  i n t o  the  common access memory. 
A t  the  conclusion of t he  load operation the switch w i l l  c l e a r  and 
the MPCC w i l l  s t a r t  executing ROM based in s t ruc t ions  with the new 
RAM based da ta  i n  memory. 
The parametric da ta  thus loaded is a s  shown i n  Table 4-2. 
The control  microprocessor a t  the conclusion of the LOADER sub- 
rou t ine  w i l l  then go t o  the VCS GO subroutine.  
4.2.1.2 vCSGO Figure 4-6 - VCSGO is  the tu rn  on procedure 
fo r  the  v e r t  i G o n t r o 1  system (VCS) . The VCSGO subroutine examines 
VCS s t a t u s  and w i l l  cause the system t o  do one of four things.  
1. Enter the emergency shutdown (HELP) 
2. Enter the shearer power down (SHRDON) 
3. Il luminate the green s t a t u s  ready f l a g  
4. Halt and await operator intervent ion 
Those hazardous conditions t h a t  w i l l  cause the  system t o  i n i t i a t e  
emergerlcy shutdown (HELP) a re  a s  follows: 
Methane 2 2% 
CID pressur, out of l i m i t s  
T a b l e  4-2. P a r a m e t r i c  D a t a  B a s e  
FUNCTION 
DIRECTION OF TRAVEL 
MINING CONDITION 
LAST CUT FOLLOWER VALUE 
SEAM HEIGHT 
CUT HEIGHT 
BOTTOM DRUM CONTROL HEIGHT 
LENGTH OF CUT 
DIFFERENCE BETWEEN TWO SUCCESSIVE CUTS 
CID POLYNOMIAL COEFFICIENTS 
LEDRUM RANGING ARM HEIGHT LOOKUP TABLE 
LEDRUM ACTUATOR DRIVE LOOKUP TABLE 
HAULAGE RATE 
TRADRUM BOTTOM DRUM HEIGHT LOOKUP TABLE 
TRADRUM ACTUATOR DRIVE LOOKUP TABLE 
ROOL RAM ACTUATOR DRIVE LOOKUP TABLE 
SEAM INCLINATION 
REFERENCE TABLE 
C I D  r a d i a t i o n  ou t  of  limits 
C I D  a p e r t u r e  cover not  p roper ly  c losed  
The l a s t  t h r e e  l i s t e d  hazardous c o n d i t i o n s  apply on ly  t o  systems 
us ing  t h e  Active Nucleonic CID. The Pass ive  Radia t ion CID h a s  no  cor-  
responding hazard monitor cond i t ions .  
Those malfunction cond i t ions  t h a t  w i l l  cause  the  system t o  i n i t i a t e  
s h e a r e r  power down (SHRDON) a r e  a s  follows: 
1. F i r e  suppress ion equipment not  ready a t  end of c u t .  
2. CID vo l t age /cur ren t  unsafe l i m i t  
3 .  Last  c u t  fo l lower  not pos i t ioned .  
4. Present  c u t  fo l lower  not pos i t ioned .  
5 .  Sens i t i zed  pick c a r r i e r  not  sensed.  
Each of the  s h e a r e r  power down and each of t h e  emergency power 
down cond i t ions  w i l l  cause  a n  e r r o r  d a t a  b i t  t o  be s e n t  t o  the  CbD 
panel  t o  where i t  may be used t o  set a warning i n d i c a t o r .  A l l  of 
t h e  s h e a r e r  power down c o n d i t i o n s  proqi.de f o r  opera to r  c a p a b i l i t y  
t o  over-ride t h e  p a r t i c u l a r  malfunct ion i n d i c a t o r .  No over- r ide  
c a p a b i l i t y  is  provided f o r  a hazardous cond i t ion  (HELP) shutdown. 
I n  the  case  when the  vo l t age /cur ren t  exceeds a p r e s e t  l i m i t  t h e  C I D  
on ly  is shutdown. There w i l l  be a warning i n d i c a t o r  s e n t  t o  t h e  CbD 
panel  but  no over- r ide  c a p a b i l i t y  i s  provided f o r  t h i s  e r r o r .  P r i o r  t o  
VCS GO, t h e  program senses  a l l  switch p o s i t i o n s  i n  t h e  system and 
compares t h e i r  p o s i t i o n  t o  a p r e s e t  t a b l e .  In  the  event a swi tch  
is not  i n  i t s  proper p o s i t i o n  f o r  s t a r t  up t h e  system w i l l  send a 
warning i n d i c a t o r  t o  the  C&D panel then h a l t  and wai t  For t h e  swi tch  
t o  be c o r r e c t l y  s e t .  Two o t h e r  i n d i c a t o r s  a r e  s e n t  t o  t h e  CLD panel 
dur ing  VCS GO t o  f u r t h e r  d e f i n e  the  methane s t a t u s .  I f  methane is 
l e s s  than  2% but  g r e a t e r  than  1% a warning i n d i c a t o r  (yellow) w i l l  
be s e n t  t o  the  CbD. I f  methane i s  below 1% than a s t a t u s  ready f l a g  
w i l l  be s e n t  t o  the  CbD panel  t o  i l l u m i n a t e  a green i n d i c a t o r .  The 
system w i l l  cont inue t o  opera te  dur ing a methane yellow s t a t u s  con- 
d i t i o n .  
I f  none of the  hazards  o r  malfunct ions  i s  de tec ted  dur ing  VCS GO 
i t  w i l l  send a s t a t u s  ready i n d i c a t o r  t o  t h e  CQD panel  t o  i l l m i n a t e  
a green ready i n d i c a t o r .  The system w i l l  then r e v e r t  t o  the  LINKUP 
monitor which w i l l  determine t h e  next s t e p .  
4.2.1.3 - RAMS Figure  4-9 - I f  t h e  VCS GO s t a t u s  check program 
success fu l ly  goes t o  completion,  t h e  LINKUP program then  checks t h e  
mode but tons .  I f  t h e  system has  been put i n  automatic then the  remote 
automatic mode s t a r t  up (RAMS) rou t ine  is  i n i t i a t e d .  This  r o u t i n e  
w i l l  a u t o  sequence the  ehearer  t o  the  on opera t iona l  condi t ion.  This  
rou t ine  has t h r e e  normal e x i t s ;  they a re :  
1. Abnormal completion of s t a r t u p  (EXIT HALT) 
2. Malfunction terminat ion (SHRDON) 
3. Normal completion of s t a r t u p  (EXIT) 
The EXIT HALT condi t ion  caused by one of the  abnormal s t a r t  up 
cond i t ions  o f  Table 4-3 au tomat ica l ly  cauees t h e  program t o  send t h e  
appropr ia te  i n d i c a t o r  t o  t h e  C6D panel t o  a l e r t  the  opera to r  and then 
t o  r e v e r t  t o  t h e  s t a t u s  monitoring mode while awai t ing  t h e  opera to rs  
in te rven t ion  v i a  the  over-ride opt ion.  I n  t h e  event t h a t  t h e  opera to r  
does not in te rvene  w i t h  t h e  over-ride,  t h e  system w i l l  remain i n  t h e  
s t a t u s  monitoring (STAT GO) condi t ion  and w i l l  not  complete the  s t a r t  
up sequence. I n  t h e  event  t h e  abnormal s t a r t  up cond i t ion  i s  c l e a r e d  
o r  over-ridden the  RAMS r o u t i n e  w i l l  proceed. In  each c a s e  of mal- 
funct ion t h e  malfunctioned s t e p ,  when de tec ted ,  w i l l  be shu t  down 
and the  s t a r t  up over-ride must be present  t o  a l low i t  t o  proceed. 
I n  the  event t h a t  the  RAMS r o u t i n e  encounters a malfunction ter- 
mination cond i t ion  dur ing i t s  sequencing i t  w i l l  send t h e  appropr ia te  
i n d i c a t o r  t o  the  C&D panel ,  wait  a def ined time, dur ing which i t  looks 
f o r  over-ride and does s t a t u s  monitoring.  I f  over-ride does not  occur 
dur ing the  a l l o t e d  time t h e  RAMS rou t ine  w i l l  power down t h e  sheare r  
(SHRDON) then t h e  system w i l l  r e v e r t  t o  s t a t u s  monitoring (STAT GO). 
The malfunction terminat ion cond i t ions  a r e  l i s t e d  i n  T ~ b l e  4-4. 
I n  the  event t h a t  RAMS sequences through i t s  assigned t a s k s  with- 
o u t  abnormal completions (EXIT HALT) o r  malfunction terminat ions  
(rl!RDON) i t  w i l l  send a d a t a  b i t  t o  the  C&D panel t o  i l lumina te  a 
green s t a t u s  ready i n d i c a t o r  and r e v e r t  t o  t h e  LINKUP monitor t o  de- 
c i d e  upon the  next program sequence. 
4.2.1.4 LINK UP MONITOR i n  Automatic Mode - When t h e  automatic 
mode is  s e l e c t e d  and a t  t h e  completion of RAMS t h e  system w i l l  e n t e r  
an opera t ing  loop t h a t  con ta ins  seven d i s c r e t e  sequences; rhese se- 
quences a re :  
1 STATDO S t a t u s  Monitor 
2. CALCULE Calcu la te  Coal Overburden Thickness 
3. LEDRUM Control  the  Lead Drum 
T a b l e  4-3. A b n o r m a l  S t a r t  Up C o n d i t i o n s  
PARAMETER DATA NOT ENTERED 
SENSOR DATA NOT ENTERED 
PANEL CONVEYOR MOTOR CURRENT L I M I T  
STAGE LOADER (RLGHT) MOTOR CURRENT LlMLT 
STAGE LOADER (LEFT) MOTOR CURRENT L I M I T  
FACE CONVEYOR (HEADGATE) MOTOR CURRENT I M I T  
FACE CONVEYOR (TAILGATE) MOTOR CURRENT L lM LT 
HYDRAULIC PUMP PRESSURE L1Ml.T 
HYDRAULIC E U I D  TEMPERATURE L l M I T  
CUTTER (LEADING) MOTOR CURRENT LIMIT 
CUTTER (TRAILING) MOTOR CURRENT L I M I T  
T a b l e  4-4. Ma1 funct ion T e r m i n a t i o n s  C o n d i t i o n s  of RAMS 
WATER FLOW L I M I T  
RIGHT COWL NOT S E T  CORRECTLY 
LEFT CQWL NOT SET CORRECTLY 
UNUSED LCF NOT STOWED CORRECTLY 
UNUSED CLD NOT STOWED CORRECTLY 
UNUSED PCF NOT STQWEC CORRECTLY 
USED LCF NOT DEPLOYED CORRECTLY 
USED CID NOT DEPLOYED CORRECTLY 
USE;: PCF NOT DEPLOYED CORRECTLY 
HYDRAULIC PRESSURE L I M I T  
LCF NOT CONTACTtNG ROOF CORRECTLY 
WRONG OR MISS LNG CUT VALVE IW PARAMETER TABLE 
WRONG OH MISSING SEAM HEIGHT IN PARAMETER TABLE 
WRONG OR MISSING CUT HEtGHT I N  PARAMETER TAdLE 
WRONG OR MISSlNG BOTTOM DRUM CONTROL H E l G i R  IN PARAMETER TABLE 
4. TRADRUM Control the T ra i l i ng  Drum 
5. ROLRAM Control Shearer Inc l ina t ion  
6. SHRONI) Assist the Manual Turn Around 
7. ROOF UP Control the Roof Supports 
8. Revert back t o  STATDO 
Ihis sequence w i l l  continue u n t i l  in te r rup ted  by emergency power 
down (HELP), shearer  power down (SHRDON), end of pass o r  o ther  oper- 
a t o r  intervent ion.  
The LINKUP monitor w i l l  supervise the a l l oca t ion  of MPCC time 
t o  perform t h e  l i s t e d  funct ions,  w i l l  cauee an order ly  t r ans fe r  from 
one function t o  another and w i l l  test for  operator  intervent ion on 
each pass around the program. I n  addi t ion t o  performing these func- 
t ions  i n  automatic the LINKUP monitor w i l l  maintain supervision over 
the MPCC in t e r rup t  l i n e s  s o  a s  t o  allow a general purpose i n t e r rup t  
rout ine (UTIRUPT) t o  i n t e r a c t  with i t .  This is t o  f a c i l i t a t e  the 
multiprocessor environment created by the  MPCC, the Arithmetic Logic 
Unit (ALU) and the comnunicatione processor which must share  a connnon 
data  base.  
4.2.1.5 STATDO Figure 4-10 - The s t a t u s  monitor rou t ine  i s  the 
basic  system s t a t u s  rout ine.  It operates on every pass of the l inkup 
monitor t o  keep the machinery s t a t u s  current  i n  memory. Once entered 
the STATDO rout ine may e x i t  i n  only four waye; they a re :  
1. Emergency Shut Down (HELP). 
2. Shearer Power Down ~sHRDON). 
3 Wait Time EXIT. 
4. Normal Completion of S ta tus  Monitor. 
Those functions t ha t  w i l l  cause an emergency shutdmb are: 
1. Methane grea te r  than o r  equal t o  2%. 
2. C I D  Preesure Out of L i m i t s .  
3. CID Radiation Oi t of Limits. 
4. C I D  Aperture Covers Not Properly Closed. 
5. The Detection of a F i r e  i n  t h t  System. 
In  each of these caRee a data  b i t  i s  eent t o  the C&D panel t o  
s e t  t he  appropriate warning ind ica tor .  No opera t o r  overr ide capa- 
b i l i t y  is provided fo r  any of these hazard monitors. There is an 
addi t iona l  indicator  (yellow) sent  t o  the  C6D panel fo r  a methane 
condition grea te r  than 1% but l e s s  than 2 X .  For methane l eve l s  of 
l e s s  than 1% a s t a tue  ind ica tor  (green) is sen t  t o  the C&D panel for  
pos i t i ve  display of methane s t a t u s .  
Those functions which w i l l  cause a shearer  power dcwn (SHRDON) 
a r e  : 
I .  Fire  Suppression Equipment Malfunction a t  End of Pass. 
2. Tra i l i ng  Drum LCF Not Properly Stowed. 
3.  Tra i l i ng  D r u m  PCF Not Properly Deployed. 
4. Tra i l i ng  Drum C I D  Not Properly Stowed. 
5. Leading Drum LCF Not Properly Deployed. 
6 .  Leading Drum C I D  Not Properly Deployed. 
7. Leading Drum PCF Not Properly Stowed. 
8. CLD CurrentlVoltane Unsafe L i m i t .  
9. C I D  C u r r e n t / ~ o l t a g e  In to le rab le  Limit. 
10. Face Conveyor (HEADGATE) Motor Current Limit. 
11. Face Conveyor (TAILGATE) Motor Current Limit. 
12. Panel Conveyor Motor Current Limit. 
13. Stage Loader (RIGHT) Motor Curent Limit. 
14. Stage Loader (LEFI) Motor Current Limit. 
The shearer power dovn (SHRDON) may be prevented on the f i r s t  
e igh t  malfunctions l i s t e d  i n  the  above t ab l e  i f  an operator over-ride 
is received before the wait timer rune out on the pa r t i cu l a r  malfunc- 
t i on .  For each of these eight  malfunctions an indicator  b i t  is sen t  
t o  the C&D panel t o  s e t  the appropriate ind ica tor .  On each of the 
l a s t  th ree  malfunctions l i e t e d  in  the tab le  above an ind ica tor  b i t  
is sen t  t o  the C6D panel t o  ac t  a warning ind ica tor  and then the 
rou t ine  causes a SHRDON t o  be executed without regard t o  a wait  t imer 
o r  poesible operator over-ride. 
CID voltage o r  current t h a t  is beyond nominal tolerance but  not 
unsafe will cause a warning indicator (yellow) e r r o r  f l a g  t o  be sen t  
t o  the CID panel. If  the CID voltage and current  a r e  within nominal 
limits a s ta tuo  b i t  w i l l  be sen t  t o  the CQD panel t o  i l luminate  
green l i g h t .  
A t  the conclusion of the STATDO rout ine,  program control  w i l l  
revert  t o  the LINKUP monitor t o  determine the  next execution rout ine 
i n  the selected mode of operation. 
4.2.1.6 CALCULE Figure 4-11 - When ca l led  upon by the  LINKUP 
monitor t h i s  rout ine w i l l  cause an auxi l ia ry  incrementing u n i t  t o  
count the CID output pulses over a programmable period of time. This 
in tegra l  is then transformed i n t o  f loa t ing  paint  notat ion (character- 
i s t i c  and mantissa i n  two's complement binary ar i thmetic)  and sen t  
a s  -four words of data  t o  t he  ar i thmetic  log ic  u n i t  (ALU) a s  one operand. 
The integrat ion time r is s imi la r ly  transformed and sent  t o  the ALU 
a s  the other operand. The quot ient  Xo ' count i .c is  formed. This 
is then the count r a t e  (normalized count value),  Xo. The coal  seem 
overburden thickness is then computed from: 
the ALU is used t o  i t e r a t e  the p a r t i a l  sums i n  f loa t ing  point notation. 
These p a r t i a l  sums a re  then summed t o  produce the  coal  seam overburden 
thickness EC. The constants A, B, C,  D, E and F a r e  CID ca l ib ra t ion  
constants programmed i n t o  the MPCC memory by tire operator through 
the DAS po e l  a s  par t  of system turn  on and i n i t i a l i z a t i o n .  It is 
presumed a t  t h i s  time t h a t  the determination of these constants  is 
perfarmed off l ine.  This determination is not included a s  pa r t  of 
the CALCULE rout ine . 
In the case of the Active Nucleonic C I D  two d i f f e ren t ,  independ- 
en t ly  suspended devices ( rad ia t ion  de tec tor ,  radiat ion source),  a r e  
used. Because the detector  and source a re  independently suspended 
t h e i r  respective dis tances to  the ideal ized coal seam changes with 
the  surface i r r e g u l a r i t i e s  of the coal seam. The CAtCULE program 
w i l l  be used t o  ca lcu la te  an average dis tance which w i l l  be assumed 
t o  be the distance from the CID mounting platform t o  the cool seam 
surface. For the sake of s implici ty  t h i s  correct ion generation is 
not: included i n  the flow chart  for  the CALII'JLE program. 
A t  the conclusion of t h i s  subroutine, control  w i l l  r ever t  t c  
the LINKUP monitor for  a decision a s  t o  what program w i l l  execute 
next. 
4.2.1.7 LBDRUM Figure 4-12 - This  program processes the  ranging 
-
arm pos i t ion ,  s ens i t i z ed  pick da ta ,  CID data ,  coa l  seam thickness  
and mining condition according to the  control  algorithm f o r  the  lead 
drum cont ro l .  The drum cont ro l  law operates  a s  follows: 
1. Determine lead drum height  (LDI) from known ac tua to r  exten- 
s ion 
LDH = 26.38 + Rd 74.5 Sin 
2 (28.3212+(10.5) -(?3.25-LRA) ( 2 (28.32)(10.5) > -(69.33 + 9.04)  1 
Where : 
Rd = Cutter  Drum Radius, inches 
LRA = Lead D r u m  Ranging Arm Posi t ion 
LDH = Lead Drum Height, inches 
2. Determine height  of l a s t  cut  
LCSH = (UCF + ZLC) 
Where : 
UCF = Output of Last Cut Follower Posi t ion 
ZLC = Height of Last Cut Fo?lower Above Skid Plane 
LCSH = Last Cut Seam Height 
3. Determine drum height  e r r o r  
DC = ~ L D H  - LCSH~ 
Where : 
DC = Drum Height Error 
LDA = Lead Drum Height 
LCId = Last Cut Seam Height 
~f I I D H  - LCSH(>E 
then i.wm following drum height  cornand 
LDHC = iLDSH + ESign (LDH - LCSH)) 
4. Scale t o  ob ta in  ac tua tor  d r ive  corrmand 
K (LDHC - LDH) t o  dr ive  ac tua tor .  
Where : 
LDSH = bead Drum Seam Height 
LCSH = Last Cut Seam Height 
LDHC = Lead Drum Height Conmand 
K = Scal ing Constant 
5 .  Then go t o  s ens i t i z ed  pick fo r  cont ro l  data .  If sens i t i z ed  
pick ind ica tes  rock then form the  following drum height  command: 
LDRC = Lead D r u m  Height Comaand 
LDH = Drm Height 
EI = Error Increment a s  a Function of Desired Drive 
6 .  Develop ac tua tor  d r ive  by increments. 
DBI  =(LHD - LCSH ( 
~f ( D B I ) ~  E form 
K (LHD - LDH) t o  dr ive  ac tua tors  
I f  @BI) > E then form 
LHU = LCSH + E s ign  (LHD - LCSH) 
Form: K (LHU - LDH) t o  dr ive  ac tua tors  
7 .  I f  s ens i t i z ed  pick senses rock then form: 
LHD =(LDE LEI) 
Then repeat s t e p  6 
8 .  I f  s ens i t i s ed  pick senses rock then form: 
Then repeat s t e p  6. 
9. I f  s e n s i t  zed pick ind ica tes  coal  then form: 
LHU - LCSH 
I f  (LHu - LCSH) f E then form K LHU - LDH 
and dr ive  ac tua tors  
If: (-MU - LC=) > E then form 
LHD = LDH + I? s i g n  (LHU - LDH) 
Form: K (LHD - LDH) and dr ive  ac tua tors  
10. Examine sens i t ized  pick, i f  i t  ind ica tes  coal  repeat  s t e p  8. 
11. I f  sens i t ized  pick ind ica tes  rcck go t o  s t e p  5. 
12. I f  sens i t ized  pick ind ica tes  coal and there has been a head 
coal r e t t i n g  a t  the  Control 6 Display Console of something o ther  than 
zero the C I D  is monitored t o  determine coal thickness. The flow cha r t  
begins with a summation of the algorithm required f o r  determining 
coal thickness o r  depth. This coal depth i s  given a MMEMONIC of (cD). 
An expansion of t h i s  port ion of the LEDRUM flow diagram was performed 
and can be reviewed i n  the CALCULE flow diagram, Figure 6-11, where 
the  coal  thickness is refer red  t o  a s  Ec. 
The r e l a t i v e  posi t ion sensor is then read which r e l azes  the 
height of C I D  r e l a t i ve  t o  i t s  machine base. 
13. Form the following height comnand. 
LDC = RDH + KP + CD - HTS 
Where : 
LDC = Lead Drum Comnand 
RDH = Height o f  CID above mounting baee sk id  plane 
RP = Height of C I D  r e l a t i v e  t o  mounting base  
CD = Coal th ickness  measurement (Coal Depth) 
HTS = Head Thickness S e t t i n g  (Amount of c o a l  t o  be l e f t )  
14. Form ILDC - L C ~ I  
I f  (LM: - LCSH( 5 E fomLHU comnand 
I f  (LDC - LCSH ) > E form LHD cotanand 
Drive a c t u a t o r s  
Repeat 1 
This c a l c u l a t i o n  w i l l  be performed and t h e  c o n t r o l  comaands ex- 
ecuted when requested by t h e  LINKUP monitor. A t  t h e  conclus ion of 
the  LEDRUM r o u t i n e  c o n t r o l  w i l l  r e v e r t  t o  t h e  LINKUP monitor f o r  a 
d e c i s i o n  a s  t o  what program w i l l  execute next .  
4.2.1.8 TRADRUM Figure 4-13 - This  r o u t i n e  processes  t h e  present  
c u t  follower and c u t  he igh t  input  d a t a  t o  determine t h e  p o s i t i o n  of 
t h e  bottom drum cu t .  This  drum c o n t r o l  l a w  a c t s  a s  follows: 
1. Let PCF = Present  Cut Height 
2. Form: 
TDH = Bottom Drum Height, inches  
Rd = Bottom Drum Radius, inches 
TRA = Actuato;' Extf nsion,  inches 
3. Form t h e  drum e l e v a t i o n  corrmand: 
K (STS -.PCF + TRA) t o  d r i v e  a c t u a t o r s  
Where : 
K = Scal ing Constant 
STS = Seam Thickness Se t t i ng  
PCF - Present Cut Follower 
TRH - Bottom Drum Controlled Height 
Af t e r  output comnand has  been i n i t i a t e d  t o  d r ive  ac tua to r s  the  
bottom drtnn sens i t i z ed  pick is read t o  determine i f  t he  bottom drum 
is i n t o  coal o r  rock. This  information is sen t  t o  the CLD panel f o r  
display.  A t  t h e  conclusion of t h i s  subroutine cont ro l  w i l l  r ever t  
t o  LINKUP f o r  t he  next programmed rout ine.  
4.2.1.9 ROLRAM Figure 4-5 . The ROLRAM rout ine processes the  
angular da t a  from the  inclinometer and the  seam inc l ina t ion  parameter 
programmed from the CLD panel t o  develop cor rec t ion  data  t o  the r o l l  
ram actuator .  
There a re  two d i f f e r e n t  methods under considerat ion f o r  control-  
l i n g  t he  angle of the  shearer  about i t s  longi tudinal  ax is .  These 
methods a re  : 
1. Include the inclinometer i n  the control  loop t o  the actuator  
thereby el iminat ing a  posi t ion encoder on the  ac tua tor  ram. 
2 .  Drive the pos i t ion  loop servo on the  ac tua tor  ex te rna l ly  
with t he  seam inc l ina t ion  parameter and with the  inclinometer output 
a t  its input summing junction. This method requi res  pos i t ion  feed- 
back (encoder) data t o  be developed by the  r o l l  ram ac tua tor .  
Simulation r e s u l t s  indicate  t h a t  both implementations y i e ld  
e s s e n t i a l l y  t he  same r e s u l t s .  Hence fo r  s impl ic i ty  method 81 has 
been assumed i n  the present design and i s  out l ined below. 
Form: 
YE = (YCC - YSI) 
Where : 
YE = Inc l ina t ion  Error 
YCC = Ioclinometer Output Error 
YSI = Seam Inc l ina t ion  Parameter 
Test YE t o  determine magnitudes. 
I f  YE > E then form ac tua tor  dr ive  so: 
YC = Correction Drive t o  Actuator 
k = Scaling Constant 
YE - Qol l  Ram Inc l ina t i an  Error 
This correct ion rout ine w i l l  operate when ever ca l led  upon by 
LIMCUP routine When the  cor rec t ion  has been sent  t o  t he  ac tua tor  
contro' w i l l  r tver t  t o  LINKUP f o r  the next sequential  progrsm. 
The second method of r o l l  ram control  (not show. i n  flow chart  
form) is the c l a s s i c  pos i t ion  loop (Figure 4-17) fo r  completeness. 
Trade o f f s  between cos t ,  performance, r e l i a b i l i t y  and main ta inabi l i ty  
a r e  not complete a t  t h i s  time. However i t  is c l ea r  t h a t  e i t h e r  of 
the two methods may readi ly  be implemented under control  of t he  LINKUP 
monitor with the microprocessor system described. 
1 
1 OUTPUT f ,  (8)  
I 1 . . . - . _ - 
I 
Figure 4-17. Roll Ram Posi t ion Servo Loop 
4.2.1.10 SHROND Figure 4-13 - When the shearer ge ts  t o  the end 
of a pass during the normal coal cu t t i ng  operation the LINKUP monitor 
senses t h i s  condition and i n i t i a t e s  the SHROND rout ine . The SHROND 
rout ine is designed t o  provide an a s s i s t  t o  an e s s e n t i a l l y  manual 
turn around procedure. 
When the shearer a r r ives  a t  the end of a pass i t  s tops the haul- 
age motor and waits for operator intervent ion.  Since the times in- 
volved i n  awaiting operator intervent ion a re  long compared t o  the 
execut ion t i m e s  involved i n  t h e  a s s i s t  opera t ion ,  t h e  WPCC w i l l  spend 
most of its time under c o n t r o l  of the  LINKUP program execu t ing  t h e  
ROOFUP program. ROOFUP is a c a l c u l a t i o n  program whose f u n c t i o n  is  
t o  c a l c u l a t e   he c o r r e c t i o n  d a t a  t o  be supp l i ed  t o  t h e  roof suppor t s  
f o r  system yaw alignment.  D e t a i l s  of  t h i s  program a r e  not  included 
i n  t h i s  r epor t .  From time t o  time t h e  a c t  of manual i n t e r v e n t i o n  
w i l l  i n t e r r u p t  t h i s  a c t i v i t y  i n  o rde r  t o  o b t a i n  t h e  assist t o  t h e  
t u r n  around sequence. 
The f i r s t  opera to r  i n t e r v e n t i o n  is t o  e s t a b l i s h  voice  corrmunica- 
t i o n s  between t h e  t a i l g a t e  opera to r  and t h e  C&D o p e r a t o r  o n  t h e  C&D 
panel.  The opera to r  a t  the  C&D panel  t u r n s  t h e  haulage motor speed 
t o  z e r a  and examines t h e  s t a t u s  d i s p l a y  t o  a s s u r e  it  is ready f o r  
t u r n  around. 
When a l l  is ready f o r  tu rn  around the  fo l lowing,  i n d i v i d u a l l y  
o p e r a t o r  i n i t i a t e d ,  sequence o f  e v e n t s  is  s t a r t e d .  
1. Stow Leading Drum Cut Follower 
2. Stow Leading Drum C I D  
3. Lower Lead Ranging A r m  
4 .  S e t  Leading Drum Cowl P o s i t  ion 
5. Stow T r a i l i n g  Drum Cut Follower 
6 .  Se t  T r a i l i n g  Drum Cowl P o s i t i o n  
7 .  Raise T r a i l i n g  Drum Ranging A r m  
8. Deploy Cut Follower 
9. Deploy t h e  C I D  
As each s t e p  p r o ~ e e d s  i n  t h i s  sequence i t  is v i s u a l l y  observed 
by t h e  opera to r  on t h e  headgate o r  t a i l g a t e  end of t h e  communications 
l i n k .  
Cer ta in  of the remotely i n i t i a t e d  s t e p s  i n  t h i s  sequence a r e  
program a s s i s t e d  because they involve a mechanical sequence whose 
ind iv idua l  s t e p s  do not have ind iv idua l  c o n t r o l s .  These s t e p s  a r e ,  
(Reference l i s t  above): 
Item 2.  Stow Leading D r u m  CID 
( A )  Ret rac t  CIU Deployment Cylinder 
(5) Ret rac t  C I D  Stowage tiechanism 
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I tem 3. Lower Lead D r u m  Ranging A r m  
(A) Lower Ranging Arm 
(B) Extend Support Cyl inder  
I tem 4. S e t  Leading Drum Cowl P o s i t i o n  
(A)  S e t  Cowl P o s i t i o n  R E P R ~ ~ ~ ~ ~ ~ ~ , ~ ~ y  IP~E 
(B) Re t rac t  Swing Arm Cyl inder  OR~~C.:LIL  PI\^]: IS pooli (c) Deploy c u t  Follower Rotary Actuator 
I t e m  5 .  Stow T r a i l i n g  D r u m  Cut Follower 
(A) Place  Rotary Actuator  i n  Stow P o s i t i o n  
(B) Extend Swing A r m  Cyl inder  
I t e m  6 .  S e t  T r a i l i n g  Drum Cowl P o s i t i o n  
( A )  S e t  Cowl P o s i t i o n  
(B) Re t rac t  Support Cylinder 
Item 7 .  Raise  T r a i l i n g  Drum Ranging A r m  
(A) Raise Ranging A r m  
( B )  Deploy Cut Follower 
Item 8. Dep?oy CLD 
(A) Extend C I D  Stowage Mechanism 
( B )  Extend C I D  Deployment Cylinder 
A t  t he  conclus ion of t h i s  sequence the  shea re r  t u r n  around s t a t u s  
is examined f o r  proper i n s e r t i o n  of t h e  t r a v e r s e  d i r e c t i o n  command 
and then haulage motor speed i s  increased ( remotely)  t o  the  d e s i r e d  
haulage speed. The c o n t r o l  of t h e  system w i l l  then r e v e r t  t o  LINKUP 
and the  automatic sequence may cont inue.  During t h i s  sequence the  
ROOFOP r o u t i n e ,  on a time shared i n t e r r u p t  b a s i s ,  h a s  c a l c u l a t e d  t h e  
roof support  yaw alignment c o r r e c t i o n  d a t a  and s e n t  i t  t o  the  indi-  
v idua l  roof suppor ts  s o  t h e  face  conveyor i s  i n  proper p o s i t i o n  f o r  
i n i t i a t i n g  a new cu t .  
4.2 . l .  11 LINKUP Monitor i n  Remote Mode Figure 4-3 - I n  the  re-  
mote mode of opera t ion  a minimum of MPCC a s s i s t a n c e  is provided i n  
the  execut ion of conanands. The MPCC under the  LINKUP mbnitor w i l l  
cause t h e  system t o  e x e r c i s e  the  s t a t u s  monitoring r o u t i n e  (STATDO), 
t o  monitor i n t e r r u p t  and cond i t ion  f l a g s  f o r  the  purpose of mode switch- 
ing  and i t  w i l l  monitor t h e  remote C&D panel  t o  secure  ind iv idua l  
i n s t r u c t i o n s  from the  bu t tons .  
The c o n t r o l ,  a t  the  CCD pane l ,  w i l l  cause d i s c r e t e  cornmat.? 3 t o  
be en te red  i n t o  the  MPCC memory f o r  execut ion under t h e  LINKUP pro- 
gram. 
When t h e  DAS c o n t r o l  panel i s  enabled by key switch t h e  remote 
mode of opera t ion  w i l l  a l low a broad range of  i n s t r u c t i o n  e n t r y  and 
s t a t u s  determinat ion through t h e  DAS keyboard a t  t h e  CLD panel .  
4.2.1.12 STATDO Under Remote Operation Figure  4-10 - The s t a t u s  
monitor program STATDO w i l l  monitor s t a t u s  and send s t a t u s  and warning 
f l a g s  t o  the  CCD panel  i n  t h e  same manner a s  i t  does f o r  t h e  auto- 
mat ic  mode of  opera t ion .  This  r o u t i n e  w i l l  a l s o  a c c e s s  t h e  HELP and 
SHRDON power down r o u t i n e s .  I n  t h i s  mode of  opera t ion  t h e  s t a t u s  
monitor w i l l  con ta in  t h e  same wai t  time e x i t s  t h a t  i t  used f o r  t h e  
automatic mode and the  l inkup program may a s s i g n  t h e  MPCC o t h e r  work 
i n  t h e  system whi le  wa i t ing  f o r  opera to r  i n t e r v e n t i o n .  
4.2.1.13 Remote Panel Operat ions  - The d i s c r e t e  remote panel  
opera t ions  a v e i l a b l e  t o  t h e  o p e r a t o r  a r e  a s  l i s t e d  i n  Table 4-5. 
MPCC a s s i s t  f o r  each of t h e s e  remote func t ions  i s  provided. Each 
push but ton command r e s u l t s  i n  a p r i m i t i v e  o rde r  i n  a s p e c i f i e d  memory 
l o c a t i o n .  Each such p r i m i t i v e  o rde r  i s  expanded i n  a macro under 
LINKUP c o n t r o l  t o  cause t h e  commanded a c t i o n  t o  occur.  
The fol lowing parametr ic  d a t a  f o r  system opera t ion  may be en te red  
a t  the  CCD panel .  
1. C t t  Height 
2 .  Seam Thickness 
3 .  Coal Bias 
4 .  Di f fe rence  between two saccess ive  c u t s  
5. Seam I n c l i n a t i o n  
6 .  Di rec t ion  of Travel  
7.  Haulage Rate 
4.2.1.14 D i g i t a l  Address System (DAS) - A l l  comand and c o n t r o l  
information i n  t h e  system i s  s e n t  t o  t h e  c o n t r o l  microprocessor memory 
i n  the form of two c h a r a c t e r  hexadecimal words. The DAS keyboard 
provides f o r  the  reading and/or modifying of  t h i ~  d a t a  base  i n  memory 
one word a t  a time. When used f o r  d i s c r e t e  c o n t r o l  i t  provides  a c c e s s  
t o  the  same d a t a  base t h a t  the  MPCC accesses .  This  i s  very  u s e f u l  
Eor purposes of d iagnosing system malfunct ions  e i t h e r  mechanical o r  
T a b l e  4-5. List  of Discrete Remote Functions 
MAIN POWER ON/OFF 
EMERGENCY POWER O F F  
F I R E  SYSTEM ON/OFF 
AUTOMATIC MODE 
LOCAL MODE 
REMOTE MODE 
HYDRAULIC PUMP START/ STOP 
KICI1T CUTTER MOTOR START/STOP 
LEFT CUTTER MOTOR STARTISTOP 
LEFT COWL RAISE/LOWER 
RIGHT COWL RAISE~LOWER 
HAULAGE RATE 
RIGHT CUTTER RAISE/LOWER 
LEFT CUTTER RAZSE/LOWER 
LEFT C I D  STOW/DEPLOY 
RIGHT C I D  STOW/DEPLOY 
LEFT CUT FOLLOWER STOW/DEPLOY 
RIGHT CUT FOLLOWER STOW/ DEPLOY 
INTERCHANGE CUT FOLLOWEKS 
ROLL RAM T I L T  INCREASE/DECREASE 
e l e c t r i c a l  i n  na tu re .  Th i s  same DAS panel  may be used to  accese  a l l  
s t a t u s  and e r r o r  f l a g s  i n  memory and t o  d i s p l a y  them t o  t h e  opera to r  
f o r  study.  
The DAS panel  may be accessed i n  t h e  remote mode by t h e  use  o f  
a key swi tch only .  
4 . 2  .l. 15 Linkup Monitor i n  Manual Mode -Figure  4-3 - I n  the  manual 
mode of opera t ion  t h e  MPCC w i l l  ope ra te  t o  execute STATDO, and MACSEQ 
r o u t i n e s .  Display s t a t u s  w i l l  be presented t o  t h e  C6D panel  through 
t h e  normal cormrmnications l i n k .  I n  t h e  manual mode of  o p e r a t i o n  t h e  
manual c o n t r o l  panel  has  c o n t r o l  o f  t h e  fo l lowing func t ions :  
1. Pre-emptory Mode Control  
2 .  Right Ranging A r m  R a i s e l ~ o w e r  
3 .  L e f t  Ranging A r m  R a i s e l ~ o w e r  
4. Right  Cowl ForwardIReverse 
5. L e f t  Cowl ForwardIReverse 
6. Cu t t e r  Motors Start/Run/OfE 
7. Haulage Motor ForwardIReverse 
8. Haulage Motor Spezd Control  
9. Hydraulic Pump Start /Run/Off 
10. Power OnIOff 
A methane monitor func t ion  is a l s o  included on t h , .  manual panel .  
A l l  of the  STATDO monitored func t ions  ( s e e  s e c t i o n  4.2.1.5) a r e  s e n t  
t o  the  CCD panel  f o r  remote d i s p l a y  i n  t h i s  mode of opera t ion .  The 
LINKUP monitor i n  manual mode w i l l  be evoked whenever a manual bu t ton  
i s  depressed o r  a key is removed a t  t h e  headgate o r  t a i l g a t e .  
4.2.1.16 - STATDO Figure  4-10 - I n  the  l o c a l  mode of o p e r a t i o n  
the  s t a t u s  monitor program STATDO opera tes  t o  monitor s t a t u s  i n  t h e  
same way 6 s  it does f o r  the  automatic and remote modes of  opera t ion .  
( s e e  se , t ions  4.2.1.5 and 4.2.1.12).  
4.2.1.17 MACSEQ Figure  4-16 - In  the  manual mode t h e  MACSEQ 
r o u t i n e  i s  c a l l e d  t o  perform the  following funct ions:  
1. Stow Coal I n t e r f a c e  De tec to r s  (CID) 
2. Stow Last  Cut Followers (LCF) 
3. Stow Present  Cut Followers (PCF) 
Two i n d i c a t o r  b i t s  a r e  s e n t  t o  memory f o r  use by t h e  reraote C6D 
panel .  They a r e  : 
1. S t o r e  CID Disable Command 
2. S t o r e  Manual Light I n d i c a t o r  Flag 
To e x i t  t h e  manual mode another  mode must be s e l e c t e d  and the  
system c o n s t r a i n t s  f o r  t h a t  mode must be  s a t i s f  i ed .  
4.2.1.18 Power Down Sequences - Three ways o f  powering down 
t h e  system undzr t h e  LINKUP monitor e x i s t ,  they a r e :  
Emergency Power Down (HELP) 
Shearer  Power Down (SHRDON) 
Normal Power Down (PWRDON) 
4.2.1.19 - HELP Figure 4-7 - When t h e  HELP r o u t i n e  is  t r i g g e r e d  
t h e  l inkup  monitor has  been informed of a hazardous mining cond i t ion .  
The main power t o  the  equipment is disconnected without delay.  The 
system may be r e s t a r t e d  by going tllrough t h e  e n t i r e  r e s t a r t  sequence 
inc lud ing  re load ing  t h e  v o l a t i l e  microprocessor memt,, banks i n  the  
system. 
4.2.1.20 SHRDON Figure 4-8 - When the  SHRDON r o u t i n e  is t r i g -  
gered t h e  LINKUP monitor has  been informed of a malfunction i n  the  
s h e a r e r .  The SHRDON program sequences the  s h e a r e r  o f f  according t o  
t h e  fo l lowing schedule: 
1. Sound Audible Alarm 
2.  Stop Cut te r  Motors 
3. Stop Haulage Motor 
4 .  Wait Time 2 Minutes 
5. Stop Shearer Water 
At the  conclusion of t h e  SHRDON r o u t i n e  t h e  system r c v e r t s  t o  
t h e  STATGO moni toi  program f o r  system s t a t u s  monitoring.  The system 
may be r e s t a r t e d  by depress ing  the  power "on" swi tch  a f t e r  the  malfunc- 
t i o n  has  been c l e a r e d  o r  r epa i red .  
4.2.1.21 PWRRON Figure 4-14 - This i s  a normal power down ae- 
-
quence conducted under the LINKUP monitor. The s teps t o  the  b2quence 
are a s  shown below: 
1. Stop Haulage Motor 
2. Stop Cutter Motor $1 
3. Stop Cutter Motor 82 
4. Stow Active C I D  
5. Stow Last Cut Follower 
6. Stow Present Cut Follower 
7 .  Stop Face Conveyor # l  
8. Stop Face Conveyor # 2  
9. Stop Panel Conveyor Motor 
10. Stop Stage Loader Motor #l 
11. Stop Stage Loader Motor #2 
1 2 .  Turn Off Shearer Hydraulic Pump 
13. Wait Time 2 Minutes 
14. Turn Off Shearer Water 
4.2.2 Hardware Requirements - The hdrdware rc.luiremenra, a s  
determined from the preceding operational flow diagrams and descrip- 
t i ons  a r e  a s  shown i n  the main brocessing and control computer block 
diagrams, Figure 4-19. This hardware is based upon a CMOS microproc- 
essor .  As noted in  previous sect ions,  the CMOS technology was chosen 
because of its low power consumption, which i s  important i n  in t r in-  
e i c a l l y  safe  e lec t ronic  c i r c u i t s .  Another reason for  the chosen tech- 
nology i s  t h a t  of i ts  high r z l i a b i l i t y  which was a primary reason 
for  i t s  aevelopment, This technology a l so  has one of tile highest 
noiee immunities avai lable  for logic c i r c u i t s  both from power l i n e  
noise and s ignal  noise. 
The microprocessor family chosen i o  t h a t  of the 1800 s e r i e s  manu- 
factured by RCA and Hughes through some crose l icensing on microproc- 
eesoc and re la ted  technologies. The CMOS logic  family chosen i s  t ha t  
of the  4000 eer ieo manufactured by RCA, Motorola and others .  
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The reasons f o r  s e l ec t ing  the  1809 s e r i e s  microprocessor are 
the ?allowing: a )  r e l i a b l e  secotd sources of supply e x i s t ,  b )  is 
s t ruc tured  more l i k e  the optimiedd c m ~ r l t e r  s t r u c t a r e  of the PDP-11 
r a t h e r  than the e a r l i e r  concepts f,,und i n  the 1M-360, c: t h i s  series 
has  a s ing le  phase clock which allows i t  t o  run a t  a r a t e  from 3C 
t o  above 5 WIz. The s t ruc tu re  of the 1800 s e r i e s  is well  su i t ed  f o r  
cont ro l  appl ica t ions  such a s  the one present ly being, considered. 
The s ingle  phase clock makes troubleshooting r e l a t i v e l y  easy with 
less sophist icated t e s t  equipment f o r  many of the problem encountered 
i n  equipment of t h i s  type. 
4.2.2.1 - CPU - The Central Processing Unit (CPO) is the  micro- 
processor portion of the Main Processing and Control Computer. This 
device is employed as the in te l l igence  of the ECM and follows a set 
of ins t ruc t ions  s tored i n  Programable Read Only Memory (PROM). The 
input por t s  a r e  read by addressing the  ane i t  des i r e s  and the da t a  
is then transEerred t o  a s e l f  contained r eg i s t e r  o r  i n  t.3 a s p e c i f i c  
RAM locat ion f o r  subsequent use. The da ta  t ransfer red  may be operated 
upon in many ways, from logic  operations,  t o  s h i f t i n g  operations,  
t o  ar i thmetic  operations fo r  data  raanipulation, masking, evaluat ing 
o r  computing. 
The CPU outputs cont ro l  and display da t a  based upon the  previ- 
ously described computations. The CPU a l s o  sakes  the decis ion when 
the communications subassembly may read o r  wr i te  to/from its BAM, 
and makes a l l  the decis ions f o r  automatic operation of the longwall 
shearer.  
4.2.2.2 The Memory Address Latch - The atewry address l a t c h  
is a la tch ing  device employed by the 8 b i t  machine t o  enable a 16 
b i t  address o r  64,000 8 - b i t  words of memory. This device l a t ches  
the  f i r s t  8 b i t s  of address which may then be employed witit the  second 
8 b i t s  t o  produce a 16 b i t  address. This address is employed t o  ad- 
dress  the RAM and the many input/output por t s  i t  must service.  
4.2 .2 .3  Random Access Memory (RAM) - The RAM employed within 
t h i s  subsystem is fo r  temporary s torage of computations and data .  
The CPU may read from and wri te  t o  the  RAM. Portions of t h i s  BAH 
a r e  employed a s  scra tch  pads, fo r  computation. Only a few of t he  
RAM locat ions a r e  employed a s  scra tch  pads. The bulk of the  5,000 
8 b i t  words a r e  required fo r  s torage of algorithims which w i l l  be 
used t o  enhance and optimize the operation of the shearer  i n  the ea r ly  
s tages of evaluation of the automated loagyal l  system. 
As with the other  e lec t ronics  within the ECM, the CMOS technology 
has been se lec ted  for the random access memory. The j u s t i f i c a t i o n  
fo r  t h i s  choice is tha t  of low power, high r e l i a b i l i t y ,  and high noise 
i rmmmi  t y  . 
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4.2.2.4 Programnable Read Only Memory (PROM) - The PROM employed 
wi th in  t h i s  subsystem is fo r  permanent s torage of the  operat ional  
firmware, and constants,  required by the C W  i n  i ts  sequencing and 
computations. PROM was se lec ted  over ROM (Read Only !4emory) because 
the  poss ib i l i t y  of changes i n  the  operational firmware of t h i s  f i r s t  
system. The PROM selected a r e  capable of being erased with u l t r a  
violet l i g h t  and reprogrammed thereby modifying the  operat ional  firm- 
Ware. 
The flow diagrams were evaluated f o r  r e l a t i v e  complexity. An 
average rout ine  was then se lec ted  and p a r t i a l l y  developed t o  determine 
i ts  required firmware. The remaining algorithms were then estimated 
r e l a t i v e  t o  the average algorithm t o  determine t h e i r  respec t ive  firm- 
ware requirements. The firmware estimates were to t a l ed  t o  about 
14,000 8 b i t  words. An addi t iona l  2,000 words were included f o r  ex- 
pansion r e su l t i ng  i n  a PROM s i z e  of 16,000 words. This number agreed 
with the i n i t i a l  top leve l  est imate made a t  the  beginnif-g of the  pre- 
l iminary design. 
A t  the t i m e  of t h i s  report  there a r e  no CMOS PROMS avai lab le  
s o  low power MOS devices were chosen which require  a s ing le  power 
supply. These devices require  r e l a t i ve ly  low power i n  the a c t i v e  
s t a t e  and may be powered down fu r the r  when not being accessed, which 
r e s u l t  i n  low power operation. 
4.2.2.5 110 Selec t  Decoder - The 110 s e l e c t  decoder is the  de- 
coding log ic  which decodes the  microprocessor d i r e c t  I / O  s e l e c t  words 
i n t o  a s ing le  enable l i n e ,  which represents the number described by 
t h a t  f/O s e l e c t  word. These l i n e s  a r e  employed t o  s e l e c t  8 input 
and output po r t s  d i r ec t ly .  These decode l i n e s  a r e  employed t o  a s s i s t  
i n  the addressing of 110 por t s ,  thereby extending the number of input /  
outputs which may be serviced. 
As before,  and f o r  the sarne reasons, CMOS technology has been 
se lec ted  f o r  t h i s  port ion of the main processing and control  computer. 
4 .2 .2 .6  110 Address Decode and Latch - The 110 address decode 
and l a t ch  devices a r e  la tchinn decoders which w i l l  decode the  memory 
address l i n e s  i n t o  d i sc re t e  l i n e s  which represent the I10 device se- 
lec ted  by the  memory address l i nes .  This technique is employed be- 
cause of the numerious input ports  which must be serviced. 
CMOS technology has been chosen fo r  use in  these c i r c u i t s  fo r  
the  same reasons previously described. 
4.2 .2 .7  The Arithmatic Logic Unit (ALU) (Calculator)  - The ALU 
port ion of the CPU e lec t ronics  is employed f o r  the so lu t ion  of some 
of the equations used i n  the  control  algorithms. These equations 
involve mul t ip l ica t ion  and d iv i s ion  of f l o a t i n g  point  numbers and 
would requi re  too much of t he  CPU time f o r  a so lu t ion .  
The CPU loads t he  16 b i t  input da ta  l a t c h  with the  numbers re- 
quired f o r  ca lcu la t ion .  The CPU a l s o  provides t h e  con t ro l  l i n e s  re- 
quired f o r  t he  computation. The r e s u l t s  of the  computation is loaded 
i n t o  t h e  32 b i t  output d a t a  l a t c h  where i t  may be s tored  o r  acted 
upon by t h e  CPU. 
Low power technology is employed i n  the ALU un i t .  CMOS tech- 
nology w i l l  be employed i n  t he  hardware providing a s a t i s f a c t o r y  de- 
vice is ava i l ab l e  a t  the t i m e  of the  hardware build.  
4.2.2.8 16 B i t  Input Data Latch - The 16 b i t  input da t a  l a t c h  
is employed, a s  previously mentioned, t o  receive and s t o r e  da t a  from 
the  CPU for use by the  ALU i n  i t s  computations of 16 b i t  numbers. 
This device receives  t w o  e igh t  b i t  words from the CPU and l a t ches  
the  da t a  i n t o  a 16 b i t  word. 
CMOS technology is employed f o r  these devices f o r  t he  same rea- 
sons previously described. 
4.2.2.9 32 B i t  Outpuc Data Latch - The 32 b i t  output da t a  l a t c h  
is employed, a s  previously mentioned, t o  accept t he  answer from the  
16 b i t  c & p u t a t i k s  by the  ALU unit:  This da ta  l a t c h  s t o r e s  
the  32 b i t  answers generate3 in  the ALU u n t i l  the  CPU can read them i n t o  
memory. Some considerat ion was given t o  disregarding the  l e a s t  s ig-  
n i f i can t  16 b i t s  of che answer because of t h e i r  insignif icance i n  
the control .  The decis ion t o  keep a l l  32 b i t s  was based on maintain- 
ing t h i s  capab i l i t y  fo r  developaent evaluat ion,  t rend ana lys i s ,  and 
system growth. The control  for  t h i s  l a t c h  comes from both the CPU 
and the  ALU. 
CMOS technology is employed f o r  these devices fo r  reasons pre- 
viously mentioned . 
4.2.2.10 Hex Display and Driver - The hex display is employed 
f o r  t rouble  shooting. These devices a r e  connected t o  t he  address 
and da ta  bus l i n e s  t o  decode and display,  i n  hexadecimal (0-F), the 
addresses and da ta  on these l i ne s .  The Hex Display Driver is CMOS 
devices employed t o  decode the binary inputs and produce an output 
d r ive  t o  the  spec i f i c  segments of the Alphanumeric Display which re- 
present t h a t  character .  These devices,  along with the Hex Display 
a r e  mounted on one of the  logic  cards within the ECM. 
The display devices employed a re  low power l i qu id  c r y s t a l  
devices.  The d r ive r s  for  the  d i sp lays  employ CMOS technology for  
the same resons previously mentioned. 
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4.2.2.11 Bus I so l a to r  - The bug i s o l a t o r  is  employed a s  an . inter- 
face between the wCC and the  communications port ion of the ECM elec- 
t ron ics .  The in t e r f ace  is  required t o  connect the addrees and da t a  
bus l i n e s  between these two subsystems and allows the  communications 
subsystem access t o  the MPCC memory. The communications subsystem 
reads memory for  transmission t o  the MCS and Roof Support Electronics .  
The coamnrnications subsystem access t o  the MPCC memory a l s o  allows 
data  t o  be t raneferred i n t o  t h i s  memory from the MCS and Roof Support 
Electronics.  
The control  fo r  the bus i so l a to r  comes from MPCC cont ro l  l i n e s  
and a r e  employed t o  s t a r t  a hardware counter,  open up the  b l s  i s o l a t o r  
and then h a l t  t o  await a s igna l  from the timer. The trmer w i l l  re- 
s t a r t  the  MPCC and c lose  the bus i so l a to r  whereby both the MPCC and 
the conmunications processor w i l l  continue t h e i r  independent rout ines ,  
i so l a t ed  from each other .  
4 .3  VCS S ~ g n a l  Conditioning - The VCS s igna l  conditioning elec- 
t ron ic s ,  shown by the Signal Conditioning Block Diagram of Figure 4-20, 
serves t o  i n t e r f ace  a l l  the  input s igna ls  t o  the input por t s ,  f o r  
use by the Main Processing and Control Computer. The s igna l  condition- 
ing  e lec t ronics  a l so  serves t o  in te r face  a l l  of the output s igna l s  
from the  output ports  of the MPCC t o  the  solenoids dr iv ing  various 
cont ro ls  and actuators .  
The input s igna ls  come from sensors,  switches, and d i g i t a l  en- 
coders. The output s igna l s  cons is t  of s igna l s  fo r  dr iv ing  e i t h e r  
s o l i d  s t a t e  re lays  or  high voltage darl ington dr ivers .  The s o l i d  
s t a t e  re lays  and darl ington d r ive r s  a r e  located in  the Power Supply 
box due t o  the " in t r in s i ca l ly  unsafe" vol tage l eve l s  which these de- 
v ices  switch. The so l id  s t a t e  relays energize motor contactors  and 
the high voltage darl ington d r ive r s  energize hydraulic cyl inders '  
p i l o t  solenoids.  
4.3.1 Input Signals 
4.3.1.1 Nucleonic C I D  Signal Conditioning - The shearer  incor- 
porates two (2) CID assemblies for  cu t t i ng  drum cont ro l  of the double 
ended ranging arm shearer.  Each assembly cons is t s  of a nucleonic 
source and a rad ia t ion  de tec tor .  The de tec tor  output t o  the ECM is  
a low l eve l  pulse l i k e  s igna l  t r a i n  whose average frequency va r i e s  
depending on roof coal thickness.  A d i f f e r e n t i a l  amplif ier  increases 
the low level  s ignal  while providing comnon-mode noise re jec t ion .  
The amplifier s ignal  i s  then processed by a pulse-shaping c i r c u i t  
yielding square pulses. The pulses,  then, a r e  counted by an 18 b i t  
biqary counter,  allowing a maximum count of 2,500 pulses per second 
for  up t o  60 seconds. The 18 b i t  counter r e s e t  l i n e ,  control led by 
the YPCC, i s  adjustable  between 0.1 and 60 seconds. This programmable 
counter is employed to  compute "N" i n  both the CALCULE and LEDRUM 
flow cha r t s  previously described. 
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In o r d e r  t o  process  t h e  C I D  s i g n a l  i n t e l l i g e n t l y ,  t h e  r e l a t i v e  
p o s i t i o n  of  t h e  C I D  wi th  r e s p e c t  t o  i t s  mounting p o i n t  on t h e  s h e a r e r  
must be known. Since  the  C I D  source  and d e t e c t o r  mechanisms a r e  in- 
dependently f l o a t i n g ,  each has  a 10 b i t  abso lu te -pos i t ion  encoder 
r ead ing  i ts  p o s i t i o n  r e l a t i v e  t o  the  s h e a r e r  mounting p o i n t ,  which 
w i l l  be averaged. The encoder ou tpu t ,  through l i n e  d r i v e r s ,  i s  matched 
by l i n e  r e c e i v e r s  i n  t h e  ECM s i g n a l  cond i t ion ing  e l e c t r o n i c s .  The 
10 b i t  d a t a  is then  buffered i n t o  d a t a  l a t c h e s ,  which a r e  r e s e t t a b l e  
by t h e  computer once d a t a  i s  clocked i n t o  t h e  inpu t  p o r t s .  
I n  a d d i t i o n  t o  the  C I D  s i g n a l  and encoder d a t a ,  switchee and 
sensors  a r e  required t o  determine va r ious  CID s t a t u s :  The hydrau l i c  
pressure  of the  preload c y l i n d e r s  monitored t o  determine t h a t  each 
of  t h e  C I D  sensors  and d e t e c t o r s  is  .ngaged a g a i n s t  t h e  roof.  The 
CID mechanism-source and d e t e c t o r  has  a stowldeploy swi tch t o  sense  
e i t h e r  p o s i t i o n .  P r i o r  t o  stowage of the  C I D  mechanism, both t h e  
C I D  source  and d e t e c t o r  must be lowered. Stowage p o s i t i o n  swi tches  
a r e  a v a i l a b l e  t o  sense  CID mechanism stow p o s i t i o n .  A l l  of  tlie above 
swi tches  a r e  routed t o  the  computer inpu t  p o r t s  through debounce c i r -  
c u i t s  and d a t a  l a t c h e s .  The debounce c i r c u i t s  - RS type f l i p - f l o p s  
- accept t h e  f i r s t  con tac t  c l o s u r e  of the  swi tches  and ignor, o t h e r  
m u l t i p l e  bounces, which the  computer then t r e a t s  a s  d i s c r e t e  p u l s e s ,  
The switch informat ion is  s t o r e d  i n  d a t a  l a t c h e s  t o  be l a t e r  used 
by t!re inpu t  p o r t s .  Once t h e  input  p o r t s  f e t c h  the  d a t a  then  t h e  
computer may r e s e t  the  d a t a  l a t c h e s .  
When s s i n g  t h e  Active Nucleonic CID, c e r t a i n  precaut ions  must 
be taken t o  g ive  proper warning s i n c e  t h e  nucleonic  C I D  may p resen t  
a r a d i o a c t i v e  hazard.  Sensors have been placed a t  s t r a t e g i c  l o c a t i o n s  
Lo monitor va r ious  func t ions  i n d i c a t i n g  s a f e  o r  hazardous cond i t ion :  
The C I D  source  chamber is  p ressur ized ,  and a sensor  switch monitor8 
rhe  p ressure  a t  a l l  t imes.  A drop i n  p ressure  i n d i c a t e s  l e a k i n g  gas  
and a poss ib le  rup tu re  of the  main s t r u c t u r e  thus r e s u l t i n g  i n  a 
r a d i a t i o n  hazard .  A source  a p e r t u r e  switch is used t o  monitor whether 
the  a p e r t u r e  cover is open o r  c losed depending whether the  C I D  i e  
deployed o r  stowed. Also, the  C I D  d e t e c t o r  power supply c u r r e n t  is 
monltored t o  ensure  proper opera t ion  of the  C I D  e l e c t r o n i c s .  The 
sensor  switch s i g n a l s  a r e  routed through debounce c i r c u i t s  and d a t a  
l a t c h e s  t o  t h e  input  p o r t s .  I t  should be noted t h a t  a l l  of t h e  rad ia -  
t i o n  hazard d e t e c t o r s  a r e  operable  even when power t o  t h e  s h e a r e r  
is turr-id o f f .  This is  accomplished by us ing  a s e p a r a t e  b a t t e r y  pack 
1ocate.t i n  t h e  power supply box. A loud aud ib le  alram i n d i c a t e s  a 
poss ib le  r a d i a t i o n  hazard. F i n a l l y ,  t h e r e  is  a dedicated r a d i a t i o n  
d e t e c t i o n  device  on the  shea re r  t h a t  c o n t i n u a l l y  monitors t h e  immediate 
envirotiment on the  shea re r .  The r a d i a t i o n  d e t e c t o r  output  s i g n a l  
c o n s i s t s  of l 9 w  l e v e l  pu l ses .  The s i g n a l  is  processed by a d i f f e r -  
e n t i a l  a m p l i f i e r ,  a  pulse-shaper and g e t s  counted by a 8 b i t  b ina ry  
counter .  The 8 b i t  ou tpu t s  of the  counter  a r e  s t o r e d  i n  d a t a  l a t c h e s  
t o  be used l a t e r  by t h e  inpu t  p o r t s .  The 8 b i t  counter  i s  r e s e t t a b l a  
by an e x t e r n a l  a d j u s t a b l e  c lock.  The r a d i a t i o n  d e t e c t o r  w i l l  d i r e c t l y  
d r i v e  an aud ib le  alarm even i f  shee re r  power has  been removed. The 
C I D  d e t e c t o r  power supply c u r r e n t  s i g n a l  is routed through a c u r r e n t  
t o  vo l t age  conver te r  (an  LED pho to - t rans ie to r  i s o l a t o r )  and then 
d i g i t i z e d  by a  4 b i t  A I D  c o v e r t e r  and then l a t ched .  
4.3.1.2 Cut-Followers Signal  Condi t ionin8 - The s h e a r e r  h a s  
two (2)  cut-follower device  one near  each drum which can e i t h e r  fo l -  
low the  pas t  o r  p resen t  c u t ,  depending on whethsr the  p a r t i c u l a r  drum 
is lead ing  o r  lagging.  Each c u t  fo l lower  hae a  10 b i t  angu la r  dbeo- 
l u t e  p o s i t i o n  encoder t h a t  fo l lows t h e  roof c u t s .  The d i g i t a l  da ta  
is r o u t e r  through l i n e  r e c e i v e r s ,  b u f f e r s  and l a t c h e s  t o  t h e  inpu t  
p o r t e ,  a s  a l l  o t h e r  encoder da ta .  Each c u t  fo l lower  hns o t a t u s  swi tches  
a s s o c i a t e d  wi th  i t :  Stowldeploy pos'.ion swi tch ,  LCFfPCF p o s i t i o n  
swi tch ,  and support  c y l i n d e r  e x t e n d l r e t r a c t  swi tch .  A l l  t h e s e  ewitches,  
l i k e  o t h e r  swi tches ,  a .e routed t o  t h e  inpor t  p o r t s  v i a  anti-bounce 
c i r c u i t s  and d a t a  l a t c h e s .  
4.3.1.3 S e n s i t i z e d  Pick Signal  Condi t ioning - The s e n s i t i z e d  
pick s i g n a l  i s F r a n s n i t t e d  from t h e  r o t a t i n g  drums t o  a s t a t i o n a r y  
point  on the  shea re r  v i a  FM te lemetry  system. The M r e c e i v e r  out-  
put  i n  a  low l e v e l  s i g n a l  which i s  rarlted t o  a  d i f f e r e n t i a l  a m p l i f i e r .  
The s i g n a l  is then peak de tec ted  :I : I~  converted t o  d i g i t a l  d a t a  v i a  
iln 8 b i t  AID c o v e r t e r .  The data  i s  then made a v a i l a b l e  t o  t h e  input  
p o r t s  by way of d a t a  l a t c h e s .  fhe s t a t u s  of the  e e n s i t i z e d  pick is 
checked by monitoring the  pcesence of t h e  FM c a r r i e l  s i g n a l .  The 
c a r r i e r  i e  d e t e c t e d ,  buffered and then s e n t  t o  the  input  p o r t s  f o r  
use by t h e  MPCC. 
4.3.1.4 Incl inometer  Signal  Condi t ioning - The incl inometer  
is a  device  used t o  measure t i l t  angle  of t h e  shea re r  wi th  respec t  
t o  the v e r t i c a l .  The incl inomcter  ou tpu t  i s  an analog s i g n a l  whose 
l e v e l  is propor t ional  t o  t h e  t j l t  ang le .  A d i f f e r e n t i a l  a m p l i f i e r  
is used t o  b r i n g  the  s i g n a l  t o  a  proper l e v e l  f o r  d i g i t a l  processinq 
by a  8 b i t  AID conver te r  and a l s o  t o  r e j e c t  common-mode noise .  The 
8 b i t  d i g i t a l  d a t a  is then l a t ched  f o r  the  input  por t  t r a n s f  r t o  
t h e  MPCC. 
4.3.1.5 Addi t ional  Sensors Signal  C c n d i t i o n i l g  - The fol lowing 
s i g n a l s  undergo :ondit ioning b? iden t  i c a l  ECM s i g n a l  cond i t ion ing  
c i r c u i t s :  Methane monitor,  water flow sensor ,  hydrau l i c  pressure  sen- 
e o r ,  hydrau l i c  remperature sensor ,  and c u t t e r  motor c u r r e n t  sensor  
s i g n a l s  a r e  a l l  analog,  low l e v e l .  Each s i g n a l  is condi t ioned by 
a  d i f f e r e n t i a l  a m p l i f i e r  whoee output  is  converted t o  d i g i t a l  d a t a  
by an AID conver te r .  The d i g i t a l  d a t a  is then routed t o  d a t a  l a t c h e s .  
The inpelt-ports w i l l  f e t c h  ;he d a t s  from t h e  d a t a  l a t c h e s  and the  
MPCC c o n t r o l  l i n e  w i l l  r e s e t  the  d a t a  l a t c h e s  s o  t h a t  f r e s h  d a t a  can 
be s t o r e d .  The c u t t e r  motor c u r r e n t  sensor  ou tpu t s  a  vo l t age  pro- 
p o r t i o n a l  t o  c u r r e n t ,  which is then ampl i f ied  by a d i f f e r e n t i a l  am- 
p l i f i e r .  
4.3.1.6 Additional Limit Switches s i g n a l  c & ~ d i t i o n i n &  - Through- 
out the  VCS (ve r t i ca l  Control System) there  a r e  a number of limit 
switches used fo r  s t a t u s  monitoring which were not discussed previ- 
ously: Support cyl inder  ex tendl re t rac t  l i m i t  switch, cowle forwardl 
reverse posi t ion l i m i t  switches and f i r e  suppression s t a t u s  switch. 
The above switch s igna ls  a r e  routed t o  the input por t s  through de- 
bounce c i r c u i t s  and data  la tches.  As i n  previous cases ,  the da ta  
la tches  a r e  r e se t  by the MPCC cont ro l  l i n e s  once da ta  is used by the  
input por t s .  
4.3.1.7 ECM Control Panel Switches - Certain shearer  mechanisms 
can be exercised by using the control  panel switches and a r e  only 
used during checkout of ECM. The following functions can be manually 
controlled: Ranging arm r a i s e l l ~ v e r  - one fo r  each arm, cowl for- 
wardlreverse - one fo r  each cowl, haulage motor d i r ec t ion ,  haulage 
motor speed c u t t e r  motor s t a r t l r u n  - one f o r  each motor, hydraulic 
pump motor s t a r t l run .  In  addi t ion t o  these control  switches the  con- 
t r o l  panel has an auto/manual switch and an emergency of f  switch. 
A l l  of the above switch s e t t i n g  s igna l s  with exception of the 
haulage motor speed, a r e  routed t o  the  input ports  by way of an t i -  
bounce c i r c u i t s  and data  la tches.  The haulage motor speed se l ec to r  
switch provides 8 switch posi t ions t o  a decimal t o  binary converter 
through an anti-bounce c i r c u i t .  The output of the decimal t o  binary 
converter consis t ing of 3 b i t s  of data  is  s tored i n  data  la tches ,  
t o  be used l a t e r  by the input ports .  
4.3.1.8 Shearer Control Panel Signal Processing - A 1 1  rhe OFF 
posi t ions of the manual controls  on the shearer  mounted cont ro l  panel 
a re  routed t o  a NOR c i r c u i t .  I f  any of the switches is  not i n  the 
OFF posi t ion then a s igna l  r e s u l t s  a t  the output of the NOR c i r c u i t ,  
and it i s  latched. The automatic sequence cannot resume i f  the com- 
puter recognizes such a s igna l .  
4.3.1.9 Additional Absolute Posi t ion Encoder Signals - In  ad- 
d i t i on  t o  the encoders already mentianed previously there  a r e  a number 
of others  a t  various locatione on the shearer .  ~ h k  purpose of the 
encoders a re  t o  t r ans l a t e  a posi t ion,  whether l i nea r  o r  angular,  i n t o  
MPCC data  words. The following l i s t  summarizes the remaining eacod- 
e r s ,  which provide 8 b i t s  of output data  except a s  noted. Drum angle 
- one fo r  each drum, ranging arm ac taa tor  extension - one fo r  each 
arm, rcll ram extensioc, angular ro ta t ion  of haulage pinion gear for  
shearer pcsi t ion along face - two ( 2 )  encoders, angle c a r t  - 10 b i t  
encoder. 
A l l  of the encoder data  i s  outputed through lirte dr ivers ,  b u i l t  
i n t o  the encoders. Therefore, a t  the ECM s ignal  conditioning elec- 
t ron ics ,  the d i g i t a l  data  from the encoders i s  terminated i n  matching 
l i n e  receivers .  The data  then i s  buffered t o  data  la tches.  The input 
ports  fetch the data  from the data la tches  and the MPCC control  l i n e s  
r e se t  the data  Latches, a t  the proper time. 
4 .3 .2  Out u t  S i  nals - The E& s igna l  conditioning e l e c t r o n i c s  
process two -E7-5-- types o srgnals :  those chat ac tua te  clectromschenical 
devices and those t ha t  ac t i va t e  s t a t u s  ind ica tors  and alal*ms. 
4.3.2.1 Signals Actuating Electromechanical Devices - Most of 
t h e  da ta  from the  output po r t s  t o  t he  s igna l  condi t ioning e l ec t ron i c s  
is used t o  dr ive  electromechanical devices. Each s igna l  is routed 
from the  output porte through buf fe rs  and dr ivers .  The d r i v e r s  a r e  
115 VAC s o l i d  s t a t e  re lays ,  where motor contactors  must be energized 
- cowls, haulage, c u t t e r ,  and hydraulic pump motors. Darlington tran- 
s i s t o r  d r ive r s  a r e  used t o  ac tua te  110 FDC solenoid p i lo ted  hydraulic 
valves fo r  the  CID stowage mechanisms, CID deploy cy l inders ,  c u t  fol-  
lower ro ta ry  ac tua tors ,  r o l l  ram and ranging arm cyl inders .  The s o l i d  
s t a t e  re lays  and dar l ington d r ive r s  a r e  located ins ide  t he  Power Sup- 
p ly  box. 
4 .3 .2 .2 .  Sta tus  Ind ica tors  and Alarm Signals  - Four da ta  b i t s  
from the  output por t s  a r e  used f o r  methane l eve l  indicat ion.  The 
da ta  b i t s  a r e  buffered and used t o  dr ive  dar l ington t r a n s i s t o r  d r ivers .  
The dar l ingtons,  i n  tu rn ,  d r ive  LED l a p s  t h a t  ind ica te  var ious meth- 
ane leve ls .  
A r ad i a t i on  audible alarm on the shearer  g e t s  ac t iva ted  by an- 
o ther  da ta  b i t  from the  output  por t s .  A buffer  and dar l ington d r i v e r  
c i r c u i t  is used t o  in te r face  t h i s  da ta  From the  output port  t o  the 
alarm device. The rad ia t ion  alarm device is powered by the  ba t t e ry  
pack in  the Power Supply box and hencc w i l l  continue t o  function even 
when shearer  power is shutdown. 
4 . 3 . 2 . 3  Haulage Motor Speed Control Signal - The haulage motor 
speed is control led by 8 da ta  b i t s  from the  output po r t s  t h a t  a r e  
converted t o  an analog s igna l  through a D/A converter.  The analog 
s igna l  then dr ives  a photo-sensitive r e s i s t o r ,  t h a t  behaves l i k e  the  
haulage \? tor  speed control  potentiometer on the shearer  cont ro l  
panel. 
4 .3 .2 .4  Control Signal Switching Network - I n  the manual mode, 
various shearer  command functions can be cont ro l led  by the  shearer  
control  panel, ra ther  than by the  ECM control  panel, through a multi- 
contact  switching network. The switching network is ac t iva ted  by 
the auto/manual mode switch on the shearer control  panel. I n  case 
of ECM breakdown o r  l o s s  of ECM power supply, the switching network 
r eve r t s  the shearer back t o  manual operation. The switching network 
is not a f fec ted  by lo s s  of power supply. 
The cont ro ls  t ha t  a r e  switched by the switching network are:  
Ranging arms raise/ lower,  cowls Forwardfreverse, haulage motor head- 
g a t e l t a i l g a t e ,  c u t t e r  motors e t a r t l r u n ,  hydraulic pump motor s t a r t /  
run, and haulage speed potentiometer. 
4.4 Design of ~ n i c a t i o n s  Subsystem - Ehe loqpaa l l  automatic 
con t ro l  system has interdependent subsystems separated by d is taoces  
of 1200 f e e t  o r  mote. This  interdependency requires  c<wmunieatioas 
be provided fo r  voice and da ta  between these  integrated s u b s y s t w .  
A r a d i o  l i n k  would be preferred,  from a mobili ty s tandpoint ,  but be- 
cause of  expense and colanarnicat ions r e l i a b i l i t y  probleaw associated 
with the severe environment a t  the coal  face, a cable  l i nk  was se lec ted  
f o r  communications, 
Information and cont ro l  can be t ransmit ted on a s ing le  l i n e  by 
using s e r i a l  d i g i t a l  da t a  between subsystem. A coax transmission 
l i n e  w i l l  be used t o  allow high data  r a t e s  and t o  provide sh ie ld ing  
ftom the  high radio frequency interference environment caused by l a rge  
e l e c t r i c  motors i n  the  area.  
As a supplemental t o  the normal longwall voice coexaunication 
system already present i n  the  mine, a voice channel w i l l  a l s o  be main- 
tained v i a  the ECM e lec t ronics .  This is done a s  a convenience f o r  
shearer  maintenance, checkout, ca l ib ra t ion  and turn around. Voice 
coaununications m y  be car r ied  on the same coax l i n e  t h a t  is used for  
d i g i t a l  data  by using a separa te  c a r r i e r  frequency. The d i g i t a l  da ta  
w i l l  be represented on the coax t i n e  a s  two d i s c r e t e  frequencies. 
A frequency s h i f t  keyed modulation is used t o  cause one frequency 
t o  be transmitted fo r  a high (o r  one) b i t ,  and a d i f f e r en t  frequency 
t o  be transmitted for  a low ( o r  zero) b i t .  Frequency s h i f t  keying (FSK) 
is employed t c  increase noise immunity on the long coax coamunications 
l ine .  Control d i g i t a l  da ta  is sent  d i r e c t l y  t o  an FSK modulator, 
and analog voice data  i s  converted t o  d i g i t a l  form before i t  is a l s o  
sen t  through an FSK modulator and then combineu with the  cont ro l  da ta  
t o  be amplified and sent  out on a comnunications l i ne .  
4.4.1 2CM Communications Block Diagram - Figure 4-21 shows a 
block diagram of the major components t h a t  compose the shearer  commu- 
n ica t ions  system. ~ i ~ i t a l  data  is manipulated by a microprocessor 
u n i t  t h a t  is dedicated t o  conmnunications only. Associated with the  
Comnunications Processor Unit a r e  Random Access Memory (RAM), Program- 
med Read Only Memory (PROM), and a memory address l a t ch  that is re- 
quired t o  expand the  addressing capabi l i ty  of the 8 b i t  bus t o  16 
b i t s  ( increases  capacity t o  65,536 loca t  ions).  
Other port ions of the longwall comoun~cations system w i l l  have 
the same type of communications interface.  To receive da t a  from the 
o ther  un i t s  requires  acccrace synchronization of a l l  t rassmit / receive 
operations.  A master clock w i l l  be located a t  che MCS t o  supply a 
clock s ignal  t o  the coax transmiasion l i n e .  An ac t ive  f i l t e r  tuned 
t o  the clock frequency w i l l  receive the clock s igna l  and amplify i t  
for  use a s  an in t e rna l  clock fo r  a l l  corwunications cont ro l  functions. 
WTA CUT FREQUENCY 
RECE R I ~ V F T E R  MOOULATOR ri 1 
AMPLIFIER 
MIXER  
SYNC LINE 
DIGITAL DATA TO 
VOICE CONVERTER DEMOOULATOR 
OMMUNICATIONS SYSTEM 
R"F"fl\' , ,, : .  ; y i,);' rl'kid 
- - .  ,,- \ , '  '.! 
. 1. . <  -.d l )WR 
rq r ntJr  AM & $!- -2- 
' Figure 4-!!I. 
4-79 
- 
L 
VOlCEOUt , 
s= 
MIXER 
I- 
VMCE TO DIGITAL 
IXTA CONVERTER 
Q I 
D 
FREQUENCY 
SHIFT KEYED 
MOWLATOR 
. conrUrnCnTl0Ns ~ P O S I I  
TRANSMISSION LINE 
P LINE 
ACTIVE FILTER < 
4.4.2 Camnunications Inputs - The ECM contains the control 
algorithms t o  operate the longwall shearer automatically. The auto- 
mation requires data input from the MCS and the roof support elec- 
t ronic  systems t o  perform i t s  functions properly. Master controls  
such a s  i n i t i a l i z e ,  auto s t a r t ,  s e t  seam height,  s e l ec t  top coal thick- 
ness, ca l ibra te  sensors and s e t  shearer t raverse epeed a r e  obtained 
from the MCS control panel. Status of the roof support system is 
a l s o  required by the shearer s o  tha t  conveyor and roof support advance 
can be controlled properly i n  r e l a t ion  t o  the shearer movement i n  
the  automatic sequence. Data received from the  control  and display 
panel and the roof supports a re  l i s t e d  i n  Tables 4-6 and 4-7. 
The discre te  c-nd and s t a tus  information is represented by 
8 b i t  words or  combined t o  form 8 b i t  words. Table 4-6 lists the 
command and s ta tus  words from the MCS t o  the ECM where the 8 b i t  words 
are  sent complete and 4 of the 2 b i t  words a r e  combined t o  form 8 
b i t  words for  transmission. Each of these message sequences ere 
preceded by two 8 b i t  words. The f i r s t  word is a message s t a r t  s ignal  
composed of a11 one b i t s ;  the second word is an ident i f ica t ion  word 
whose f i r s t  4 b i t s  indicate the desired dest inat ion of the  message, 
and the l a s t  4 b i t s  indicate where the message originated. There 
are  then 8 words of message plus 2 words of message s t a r t  coding for  
a t o t a l  message length of 10 words o r  80 b i t s .  
The roof support t o  shearer message information l i s t  is given 
i n  Table 4-7. After combining messages where possible, there a re  
6 words of data required for  each roof support. It is now planned 
t o  send 6 chock data s e t s  per communication cycle, so  tha t  36 words 
w i l l  be sent i n  sequence. Adding the two words of s t a r t  code for  
t h i s  message resu l t s  in  a t o t a l  message length of 38 words o r  304 
b i t s .  
The messages described above are received i n  s e r i a l  form from 
the connnunicat ions transmission 1 ine . An act ive  f i l t e r  w i l l  receive 
the data b i t s .  This data is converted i n  the frequency s h i f t  keyed 
demodulator t o  an NRZ data representation, which is then shi f ted  into 
the Universal Asynchronous Receiver Transmitter (UART). When 8 b i t s  
have been received, a word i s  transferred i n  pa ra l l e l  t o  the comuni- 
cat ions processor data bus where the data is stripped out and then 
stored i n  appropriate memory locations. Input and output operations 
a t  the UART are  controlled by the comnunications processor. 
4.4.3 Corrnnunications Outputs - The ECM output consists  of s t a tus  
information sent t o  the MCS and commands t o  the Roof Support Elec- 
t ronics System. The message format is the same for all-messages i n  
the conmmrnications loop. There is  one s t a r t  word and one identif ica-  
t ion  word, followed by as  many 8 b i t  words a s  needed t o  complete the 
message. A l ist  of the information sent from the ECM t o  the MCS is 
presented i n  Table 4-8. 
Table 4-6. MCS to BCM Messages 
Message Description Number of Bits 
Control Power OnIOff 2 
Manual, Automatic, or Automatic Remote 
Manual Control 
Drum Cutter Motor A Control 
Drum Cutter Motor B Control 
Haulage Motor Direction 
Haulage Motor Speed 
Ranging Arm A ExtendIRetract Cormnand 
Ranging Arm B ExtendfRetract Coamand 
Pump Motor On10ff 
A Cut Follower Deploy Command 
B Cut Follower Deploy Comnand 
CID A Deployfstow Command 
CID B Deploy/Stow Command 
Cowl A Control 
Cowl B Control 
Roll RAM ExtendIRetract Cormnand 
Sensitized Pick Setting 
Coal Thickness Setting 
Request Data Address (DAs) 
Table 4-7. Roof Supports to Shearer Messages 
Message Description 
Roof Support Address (1 to 150) 
Control Power OnlOff 
Manual or Automatic Control 
Vertical Ram Status 
Horizontal Ram Status 
Roof Support Load (pressure) 
Vertical Ram Position 
Horizontal Ram Position 
Hydraulic Pressure On/Of f 
Number of Bits 
Table 4-8. ECM to MCS Message 
Message Descriptioc 
Manual, Automatic, or Remote Manual 
Control Power On/Off 
Pump-Shearer On/Of f 
Hydraulic Pressure 
Cowl A Position 
Cowl B Position 
Haulage Motor Direction 
Hydraulic Filter Pressure Drop Limit 
Me thane Level 
Water Flow 
Drum B Current 
Drum A Current 
Haulage Motor Current 
Cut Follower A Position 
Cut Follower B position 
Coal Interface Detector Position 
Coal Thickness Setting 
CID Output (Coal ~hickness) 
Ranging Arm A Posit ion 
Rangiug Arm B Position 
Inclinometer Output 
Cut Follower A Deployed 
Cut Follower B Deployed 
Sensitized Pick Level 
Oil Level Sensor 
Radiation Level Sensor 
CID A Status 
CID B Status 
Data Addressed from DAS 
Addressed Data Output 
Number of Bits 
After  combining da ta  where convenient, there  a r e  22 8 b i t  words 
o r  bytes  of information, plus  the  two leading bytes  f o r  a t o t a l  of 
24 bytes.  
A list of the commands s en t  from the  ECM t o  the  Roof Supports 
E lec t ron ics  i s  presented i n  Table 4-9. The t o t a l  number of bytes  
fo r  one message is 20, composed of two leading bytes ,  and 6 sets of 
3 bytes  t ha t  a r e  sen t  t o  6 d i f f e r en t  Roof Support Electronic  un i t s .  
This is done by making the  f i r s t  byte  of a s e t  of 3 bytes  be t he  ad- 
dress  of  the  p a r t i c u l a r  roof support fo r  which the  commends a r e  in- 
tended. To completely comand a l l  150 roof supports requi res  25 com- 
munications cycles ,  s i nce  only 6 a r e  addressed per cycle.  Since one 
cycle  now requires  25 mill iseconds, a l l  roof supports a r e  conmanded 
once per  .025 sec.  x 25 = 0.625 sec.  This seemed adaquate fo r  t h i s  
VCS preiiminary design but may be a l t e r e d  when the YAW alignment 
sys  tam is completed . 
4.4.4 Other Comunications - In  order  t o  s i z e  the comunica- 
t i ons  time cycle,  the  o ther  two l i nks  t h a t  do not involve the  ECM 
a r e  a l s o  included here.  The MCS may command the  roof supports elec- 
t r on i c s  d i r e c t l y ,  and the  roof supports e l ec t ron i c s  send s t a t u s  in- 
formation d i r e c t l y  t o  the  MCS. 
Table 4-10 presents  the roof supports t o  control  and d isp lay  
message, and Table 4-11 presents  the cont ro l  and d isp lay  t o  roof 
support message. Combining da ta  i n t o  packed bytes  and adding the 
leading words f o r  each message sequence r e s u l t s  i n  a t o t a l  of  8 bytes  
for  each of the messages between roof supports and the  control  and 
d isp lay  panel. 
4.4.5 Communications Timing - To in t eg ra t e  the various commu- 
n ica t ions  subsystems, a communications cvcle  was defined which Dro- 
vides  for  the proper - timing of t ransmit t ing and receiving i n f o r k -  
t i o n  fo r  each u n i t  on the c~mmunications l i ne .  There a r e  t h r ee  bas ic  
subsystems i n  the ove ra l l  system: the ECM, the MCS, and Roof Support 
Electronics  (RSE). Each of the th ree  subsystems sends one message 
t o  each of the o ther  two subsystems once per communications cycle.  
To obtain the time required per cycle,  the  t o t a l  message length and 
b i t  r a t e  must be defined. 
The l imi t i ng  f ac to r  i n  determining b i t  r a t e  r e s u l t s  from the 
frequency s h i f t  keyed (FSK) modulator. The upper frequency recom- 
mended for  the se lec ted  un i t  is  500 KHz. The b i t  r a t e  should be about 
a f ac to r  of 10 lower t o  provide a t  l e a s t  10 cycles  of t he  c a r r i e r  
i n  one b i t  time. The b i t  r a t e  selected is  40 K b i t s l s e c .  The clock 
frequency of a UART must be s e t  a t  16 times t he  b i t  r a t e ,  o r  640 KHz. 
The master clock on the C&D panel which coordinates the  comaunications 
is  therefore  s e t  t o  640 KHz. With a b i t  r a t e  of 40 K b i t s l s e c ,  the  
8 b i t  word (o r  byte)  r a t e  is 5000Isec. 
Table 4-9. ECM t o  Roof Support Electronics  Message 
Message Description 
K + h Roof Support Address ( 1  through 256) 
Conveyor Advance Amount 
Advance Conveyor Command 
Advance Roof Support Comand 
K + 1 Roof Support Address (1 through 256) 
Conveyor Advance Amount 
Advance Conveyor Command 
Advance Roof Support Command 
K + 2 Roof Support Address (1 through 256) 
Conveyor Advance Amount 
Advance Conveyor Command 
Advance Roof Support Command 
K + 3 Roof Support Address (1 through 256) 
Conveyor Advance Amount 
Advance Conveyor Command 
Advance Roof Support Connnand 
K + 4 Roof Support Address (1  through 256) 
Conveyor Advance Amount 
Advance Conveyor Connnand 
Advance Roof Support Comand 
K + 5 Roof Support Address ( 1  through 256) 
Conveyor Advance Amount 
Advance Conveyor Comand 
Advance Roof Support Comnand 
Number of Bits 
Tabla 4-10. Roof Supports to Control and Dieplay Panel Meesage 
Mereage Dercri~tion 
Roof Support Address (Per DAS ~equest ) 
Control Power OnfOff 
Manual, Automatic, or Remote Manual 
Vertical Ram Drive 
Horizontal Ram Drive 
Roof Support Load 
Vertical Ram Position 
Horizontal Ram Position 
Hydraulic Pressure 
Number of Bits 
Table 4-11, Control and Display Panel to Roof Supports Message 
Message Description Number of Bite 
Roof Support Address 8 
Manual, Automatic or Remote Manual 2 
Vertical Ram ExtendfRetract Command 2 
Horizontal Ram ExtendfRetract Command 2 
Conveyor Advance Amount 8 
Advance Conveyor Conanand 2 
Advance Roof Support Command 2 
Data Requeet Roof Support Address (DAs) 8 
Sensor Addreee (DAS) 8 
To define the t o t a l  caarnunications cyc le ,  each of the o ix  mas- 
sages between subsystems was defined t o  determine message lengths 
a s  shown i n  Table 4-12 below. 
Table 4-12. Colmrunications Message Lengths 
Message Descript ion Number of Bytes 
Shearer t o  Cantrol and Display 24 
Shearer t o  Roof Supports 20 
Roof Supports t o  Shearer 38 
Roof Supports t o  Control and Display 8 
Control and Display t o  Roof Supports 8 
Control and Display t o  Shearer 10 
Control and Display Sync Words 2 
Total 110 
Transmitting a t o t a l  of 110 bytes a t  5000 bytesleec means t h a t  
the minimum time for  one cycle i s  110/5000 = 0.0220 aec, o r  22.0 
milliseconds. To allow for  some expansion i n  the event t h a t  some 
addi t iona l  data needs t o  be transmitted, a cycle time of 25 m e c  was 
selected.  Figure 4-22 shows the present de f in i t i on  of one complete 
cycle,  including 3.0 milliseconds of off-time t h a t  is reserved for  
expane ion. 
The communications cycle i s  i n i t i a l i z e d  by the MCS t ransmi t te r ,  
which sends out 2 sync words on the transmission l i n e  and r e se t s  an 
in t e rna l  counter. Each comunicat ions system on the l i n e  w i l l  use 
the sync words t o  r e se t  t h e i r  own in te rna l  counter t o  establ i -sb when 
t h e i r  own transmission i s  t o  occur i n  the  comunicat ions cycle.  The 
MCS communications w i l l  then repeat the sync words every 25 m i l l i -  
seconds, using the master clock frequency and i t s  in te rna l  counter. 
A s  the communications cycle is now defined, the two sync words w i l l  
be transmitted immediately following the MCS t o  shearer message. 
4.4.6 ECM Communications Proceosinq - A block diagram of the 
funct ional  flow t h a t  takes place in  the ECM communications microproc- 
essors  i e  presented i n  ~ i ~ u ; e  4-23. The operations tha t  a r e  performed 
have been separated i n t o  6 basic  rout i -  . Two of the rout ines  de l iver  
data words t o  be transmitted and read c &a words from the receiver 
e lec t ronics .  The other  four routines manipulate data  between memory 
locat ions,  format words for  transmission, and s t r i p  out da t a  from 
words received. 
Each of the rout ines  has two entry points ,  one for  the i n i t i a l  
en t ry  in  which i n i t i a l i z a t i o n  of t ha t  rout ine takes place, and a 
second en t ry  point for  a l l  subsequent e n t r i e s  u n t i l  t h a t  r o u t i ~ e  is 
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completed. Thus, the transmitter routine has i n i t i a l i z a t i o n  ent ry  
point designated by 1 and subsequent en t r i e s  en te r  a t  2. Similarly, 
the other routines are entered i n i t i a l l y  a t  numbers 3, 5, 7, 9 and 
11, and second and a l l  subsequent en t r i e s  in to  routines use numbers 
4, 6, 8, 10, and 12 un t i l  the part icular  routine is sa t i s f i ed .  The 
variable TR is  w e d  throughout t o  cause return t o  e i t h e r  transmit 
o r  receive routines so it is set equal t o  1 through 4. The variable 
F is used t o  cause return t o  the data manipulating routines and takes 
on values 5 through 12. 
The comrmnications processor is capable of operating a t  a higher 
r a t e  than the input/output device, which is a Universal Asynchronous 
Receiver Transmitter (UART). The UART takes 8 b i t s  of pa ra l l e l  da ta  
and s h i f t s  it out  s e r i a l l y  for  transmission, and receives s e r i a l  data,  
sh i f t ing  it in to  an 8 b i t  r eg i s t e r  where it is then read i n  pa ra l l e l  
by the  communications processor. A t  t he  serial b i t  r a t e  chosen (40 
R bi ts l sec) ,  the cammunicatims processor can perform approximately 
90 program executions during the time tha t  one 8 b i t  word (byte) i s  
being received o r  transmitted. The operational flow is thus struc-  
tured t o  loop through the manipulative functions continuously, with 
a t e s t  provided within a l l  loops that  checks whether a transmit o r  
receive operation is due. After a transmit o r  receive request comes 
on, it is suff ic ient  t o  assure that  the request be answered before 
about 90 additional program s teps  take place. This buffering capa- 
b i l i t y  of the UART allows considerable freedom i n  programming of the 
communications processor. 
A complete program sequence as  shown in  Figure 4-23 is described 
below. F i r s t ,  TP. is s e t  t o  1 and F is s e t  t o  5, and the program 
s t a r t s  a t  5. The program is thus set t o  s t a r t  a transmit cycle while 
it is tra- ferr ing data from the MPCC memory t o  the communications 
section of memory (from MPCC RAM t o  COMM RAM). The transmit routine 
is entered only when a f lag  representing Transmitter Holding Register 
Empty (TIIRE) is s e t ,  and the receive routine is entered only when 
the Data Available (DA) f l ag  is s e t .  Tests for these f lags  a re  made 
inside a l l  the data manipulating routines, so the i n i t i a l  program 
s t a r t  must enter  one of the data manipulating routines (Fa5 through 
12). 
Start ing a t  5, the program s e t s  s t a r t i n g  addresses for  data 
t ransfers ,  then s e t s  Fa6 so tha t  subsequent returns w i l l  s t ep  through 
memory un t i l  the routine has moved a l l  data required from MPCC RAM 
t o  COMM RAM. The second s tep  i n  t h i s  routine t ransfers  one byte of 
data from one location i n  memory t o  another. A t e s t  is then made 
t o  see i f  the routine is complete. I f  it is, F i s  s e t  t o  7, which 
is a conmand t o  now s t a r t  formatting data fo r  transmission. I f  the 
routine is not complete, a t e s t  i s  made t o  see i f  a transmit mode 
or  a receive mode i s  i n  progress, i .  e . , i f  TR is 1 o r  2 (TR < 3 ) .  
Since TRs1, the THRE f l ag  is tested; i f  t rue,  program sequences t o  
TR, which is now 1. The flow then enters  the transmit routine a t  
Figure 4-23. ECM Connnunications Flow Diagram 
1, i n i t i e l i g e s  the routine by s e t t i u g  a memory address m i n t e r  a t  
the f i r s t  byte t o  send and sets TR92 fo r  subsequent bytes. The rou- 
t i n e  t t z n  sends one byte t o  the UART and resets THRB. Next a test 
is mad*? t o  see i f  the message is complete, i.e., is t h i s  the  l a s t  
word of the message. I f  t rue ,  I% is set t o  3, which is the  code t o  
s t a r t  receiving. I f  not t rue ,  TR remains a t  2 and control  returns 
t o  F. A t  t h i s  point, F is still 6, so  control returns t o  the f i r s t  
data t ransfer  routine, which moves another byte from MPCC RAM t o  COMM 
RAM. The transmit o r  receive f l a g  is checked, and i f  no f l a g  is pre- 
sent ,  control cycles back through F (now 6) and moves another byte 
from MPCC RAM t o  COW¶ BAM. Since about 90 microprocessor program 
s teps  can be completed before the transmit ter  is ready Lor another 
byte, and about 7 program s teps  are required t o  complete one data  
t ransfer  loop about 12-13 bytes can be traasfered i n  memory while 
one byte is being transmitted o r  received. 
When t h i s  data t ransfer  routine is complete, F is s e t  t o  7 tc 
s t a r t  the  next routine, which formats data t o  the form desired for  
transmission. The f i r s t  entry t o  t h i s  routine sets s t a r t i n g  addres- 
s e s  for  data t o  be read, formated and stored, then s e t s  F=8. One 
byte of data is formatted and stored f o r  l a t e r  transmission, then 
a test is made t o  see i f  the  routine is complete (KF <#MI. I f  not 
completed, the transmit o r  receive ready f l ag  is t e s c d .  I f  no f l a g  
is s e t ,  the routine forms another byte and s to res  it for  transmission. 
This routine continues u n t i l  the complete message t o  be t r a n m i t t e d  
has been prepared, while continuously checking for t ransmit ter  o r  
receiver f lags.  When the formatting routine is complete, F is s e t  
t o  9 t o  s t a r t  the next data handling routine. 
The routine t o  t ransfer  data from COMM RAM t o  VCS RAM, and the 
l a s t  routine which converts incoming data t o  forms usable by the con- 
t r o l  microprocessor operate jus t  l ike  the other two data handling 
routines. They each loop through program steps u n t i l  completed, and 
check for transmit/receive f lags  on cvery loop. 
Figures 4-24 through 4-27 shows more detai led flows for the s i x  
routines mentioned above plus one special  routine which is used t o  
update ECM calibrat ion.  The entry t o  the special  routine is caused 
by special  code words from the MCS, which a r e  handled i n  the receiver 
routine. The receiver routine is  discussed below i n  some d e t a i l  fol- 
lowed by the lead i n  t o  the special  routine that  updates the VCS. 
Figure 4-24 shows the flow diagram for  the receiving data routine,  
with i n i t i a l  entry a t  3 and subsequent en t r i e s  a t  4. On the f i r s t  
entry,  a byte is read from the UART in to  the comnunications proces- 
sor D-register. There a r e  3 er ror  checks made on incoming data: 
par i ty  e r ro r ,  overrun e r ro r ,  and framing er ror .  These er ror  f lags 
are  sampled by an OR gate,  and i f  t rue,  the byte i s  ignored and con- 
t r o l  e x i t s  t o  another function. I f  no read er ror  occurs, the D-register 
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Figure 4-27. ECM Parameter Update Communications Flow Diagram 
contents a r e  compared t o  the s t a r t  message code, which is FFld 
(11111111). The program is exi ted inmediately u n t i l  a s t a r t  code 
is obtained. When a s t a r t  message occurs, TR is s e t  t o  4, and an  
iden t i f i ca t ion  required message i s  s e t  by s e t t i n g  I D = l .  This code 
ind ica tes  t h a t  the next word received must be an iden t i f i ca t ion  code. 
When entry occurs a t  4 ,  da t a  is read from the UART t o  the D-Beg- 
i s t e r .  Again, i f  a read e r r o r  occurs, program cont ro l  e x i t s ,  i f  not ,  
I D  is checked t o  see i f  an iden t i f i ca t ion  code is expected. I f  a 
code is  expected, i t  is tes ted  t o  see  i f  i t  is a Roof Support o r  a 
MCS code. I f  i t  is a Roof Support code, the i n i t i a l  address f o r  s to r -  
ing  data  is s e t  for  roof support data  and I D  i s  s e t  t o  -1. I f  it 
is a MCS code, it  is a l so  checked t o  see i f  i t  is a spec i a l  update 
message code. I f  i t  i s  not an update, but a normal MCS message, t he  
i n i t i a l  address fo r  s to r ing  data  i s  s e t  for  MCS da ta ,  and I D  is  s e t  
t o  -1. Once iden t i f i ca t ion  of the  message i s  $?st-ablished, subsequent 
words received are  s tored sequent ial ly  u n t i l  the given message is 
completed. When a normal C&D message i s  completed, TR is s e t  t o  1 
f o r  transmission mode. 
When the receiver  rout ine examines the iden t i f i ca t ion  word and 
f inds t h a t  i t  is a spec ia l  update s igna l  from the MCS, the rout ine  
e x i s t s  t o  13, which is discussed i n  the following sect ion.  
4.4.7 VCS Comunications Update - There a re  a number of param- 
e t e r s  within functions performed in the ECM MPCC which reaui re  updates 
a s  mining conditions or sensor cha rac t e r i s t i c s  cl,&nge. To allow f o r  
a data  load t h a t  w i l l  define these parameters whenever desired from 
the Dig i ta l  Address System (DAs) on the MCS C&D panel. a separate  
receive rout ine was generated a s  shown in Figure 417. 
To allow the comunications processor MPCC t o  operate in  p a r a l l e l  
without in te r fe rence  on the data bus, a bus i so l a to r  i s  placed between 
the two systems. The i so l a to r  is under exclusive control  of the MPCC 
and cross  cormrmnications can only occur when the i so l a to r  i s  open. 
During normal da ta  shuf f l ing  between memories tha t  i s  done by the 
communications processor, the bus i so l a to r  i s  opened pzr iodica l ly  
by the control  processor and a s igna l  i s  sent  t o  the communications 
processor to  use the bus a s  needed. This procedure i s  shown i n  a l l  
the data  handling rout ines  a s  a t e s t  on "VCS BUS OPEN." 
I n  t h i s  special  rou t ine ,  i t  i s  necessary t o  cause the i so l a to r  
bus t o  be opened and remain open u n t i l  the complete update message 
is received. This i s  done under the assumption tha t  a l l  control  func- 
t ions  a re  suspended anyway u n t i l  the update i s  accomplished. 
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The update rout ine  is entered a t  13  when an update code has been 
received from the  MCS. The cominunications processor immediately sends 
an in te r rupt  request t o  the control processor,  request ing t h a t  the  
MPCC bus be opened. The control  processor must respond by suspending 
a l l  control  functions i n  an orderly fashion, then opening the  da t a  
bus and remaining i n  a pause mode u n t i l  the i n t e r rup t  request is can- 
ce l l ed  by thz communications processor a t  update completion. 
The comunications processor then t e a t s  t o  see i f  the  i n t e r rup t  
request has been acknowledged. The communications processor then 
sends a message s t a r t  code (FF16), fcllowed by a s t a r t  update code 
t o  the C&D panel. The comnunications processor then i n i t i a l i z e s  t he  
storage address locat ions i n  control  processor RAM where the  update 
data  is t o  be s tored.  The communications processor then reads the 
UART fo r  input bytes from the MCS. The f i r s t  byte must aga in  be a 
s t a r t  message, the second byte must be an update code, then subsequent 
bytes a r e  received and stored d i r e c t l y  i n  MPCC RAM locat ions u n t i l  
the update i s  complete. When the update is complete, the MPCC in t e r -  
rup t  request is cancel led,  and normal rout ines  a r e  re-established 
by s e t t i n g  F=5 and re turn ing  t o  entry point  5.  
During the update procedure, the comunicat ions processor does 
not perform any o ther  funct ions,  which means i t  i s  i d l e  fo r  consider- 
able  portions of time a s  i t  is in a pause mode while wai t ing f o r  bytes  
t o  be sh i f t ed  i n t o  the UART regis te r .  The cont ro l  processor simply 
waits f o r  a cance l la t ion  of the in te r rupt  request fo r  the complete 
update time . 
4.4.8 Voice Comnunications - An audio channel w i l l  be ca r r i ed  
on the communications l i n e  in d i g i t a l  form, d i t h  high and low b i t s  
formed by f r eq~ency  s h i f t  keying l i ke  the da ta  channel but a t  a d i f -  
fe ren t  c a r r i e r  frequency. This w i l l  be done with a voice t ransmi t te r  
channel cons is t ing  of microphone, audio amplif ier ,  an A I D  converter ,  
a frequency s h i f t  keyed ~eodulator ,  and a summing amplif ier  o r  mixer 
t o  add the s ignal  t o  the data signal before the l i n e  dr iver  amplif ier .  
The receiver channel cons is t s  of an ac t ive  f i l t e r  tuned t o  pass the  
two d ig i t ized  voice frequencies,  a frequency s h i f t  keyed demodulator, 
a D/A converter,  an audio amplif ier ,  and a speaker. Each subsystem 
within the longwall system where voice communications i s  desired w i l l  
have s imi la r  input /output channels. 
The AID converter t h a t  w i l l  be used i n  the voice channel is a 
fXOS He55516 o r  equivalent ,  Continuously Variable Slope Delta Modulator 
(CVSD), which converts voice s igna ls  t o  s e r i a l  d i g i t a l  da ta .  Switch- 
ing a logic  leve l  on a s e l ec to r  imput allows the same u n i t  t o  re-convert 
d i g i t a l  data  i n t o  voice. This CVSD u n i t  i s  optimized for  16 K b i t s l s e c ,  
and is usable down t o  9 K b i t s / s e c .  F ide l i t y  may be increased by 
using a higher frequency u n i t ,  the  HC55532, which i s  optimized for  
32 K b i t s / s ec ,  and i s  usable beyond 64 K b i t s l s e c .  The pa r t i cu l a r  
b i t  r a t e  chosen w i l l  be s e t  by a separa te  clock frequency on t?te da ta  
l i n e .  The communications clock w i l l  be located a t  the maater con- 
t r o l  s t a t i on .  
This d i g i t i z i n g  of voice technique was chosen t o  tranemit the 
voice over the d i g i t a l  data  l i n e  i n  order t o  take advantage of new 
technology developed f o r  enhancing performance f o r  a lower cos t .  
This technique w i l l  provide a r e l a t i v e l y  noise f r ee  voice l i n k  through 
the l i n e  dr iver  and cable used f o r  the data  l ink .  Other techniques, 
such a s  FM a r e  a l so  ava i lab le  and could be transmitted through the  
data  cable,  however, f o r  t h i s  preliminary design the d i g i t a l  tech- 
nique was chosen. 
4.5 Design of the  1 /0  Subsystem - After  tne operat ional  require- 
ments, sensors and control  devices were defined, the preliminary design 
of the 110 subsystem was accomplished. This subsystem o r  subassembly 
is configured t o  read and s to re  the input from the s igna l  condition- 
ing. This s tored o r  latched input da t a  is  read by the  CPU, a s  re- 
qitired, f o r  s torage and use i n  i t s  operat ional  algorithms. This 110 
subsystem i s  fu r the r  configured t o  accept and l a t ch  da ta  employed 
by the system cont ro l  devices. 
Figure 4-28 ind ica tes  the input da ta  which i s  s tored f o r  use 
by the MPCC, a s  well a s  the output da t a  s tored f o r  use by cont ro l  
and display devices. Review of t h i s  f igure  w i l l  indicate  t h a t  there 
a r e  312 b i t s  of data  which is latched i n  64, 8 b i t  words. This f igure  
w i l l  a l so  indicate  the 64 b i t s  required t o  output the control  and 
display which is organized i n t o  8, 8 b i t  words. 
The se l ec t  l i n e s  employed t o  s e l ec t  the pa r t i cu l a r  8 b i t  input/  
output ports  a r e  generated by the  MPCC from memory address l ines .  
These address l i n e s  address memory locat ions al located fo r  input/out- 
pu: ports .  The s t robe  and latching of data  i n t o  these por t s  i s  ac- 
complished with the normal MPCC 110 s e l e c t  l i nes .  
As with most of the o ther  subsystems, CMOS technology has been 
se lec ted  fo r  the same reasons previously supplied. 
4.6 Power Supply and Power Distr ibut ion - The ECM of the long- 
wall shearer contains an explosion proof power supply box. A l l  the 
DC voltages required f o r  use in  the system a re  generated i n  t h i s  box. 
The aux i l i a ry  ba t te ry  pack, required t o  power rad ia t ion  hazard in- 
d i ca to r s  when shearer  power i s  shutdown, i s  a l so  housed i n  t h i s  box. 
I t  should be noted tha t  when the passive rad ia t ion  C I D  is employed 
the  ba t te ry  pack i s  eliminated from the system. The explosion proof 
box a l s o  contains so l id  s t a t e  relays and darl ington d r ive r s ,  s ince  
these devices operate a t  " i n t r i n s i c a l l y  unsafe" voltage l eve l s .  


4.6.1 Power Supply C i r cu i t s  - The Power Supply Block Diagram 
is presented i n  Figure 4-29. Primary 120 VAC 60 He power is  obtained 
from a power panel-on the  shearer  and fused a t  5 ampi. Since t h i s  
primary AC vol tage is suscept ible  t o  extreme f luc tua t ion  of up t o  
50% of nominal, an AC vol tage regulator  is  incorporated. The AC 
output of the voltage regula tor  suppl ies  4 power suppl ies :  5 VDC/6 
amp regulated,  2 12 VDCI2 amp regulated,  28 VDCIlamp regulated and 
110 VDCIlamp unregulated. 
The c i r c u i t s  which the  regulated power suppl ies  energize,  a r e  
protected by overvol tage devices.  Should these  vol tages  surge t o  
an unsafe l e v e l ,  due t o  a malfunction, the  overvoltage pro tec tors  
w i l l  clamp the outputs  t o  near zero v o l t s ,  thus pro tec t ing  the  associ-  
a ted c i r c u i t s  from damage. 
Regulation of the  110 VDC power supply is  not c r i t i c a l  because 
i t  is used t o  energize electromechanical solenoids.  A l l  t he  power 
suppl ies  a r e  redundantly cur ren t  l imited t o  provide " i n t r i n s i c a l l y  
safe" energy leve ls .  Therefore,  the individual  i i n e s  do not need 
t o  be handled with "permissible" cables.  The 110 VDC may be an ex- 
cept ion due t o  t he  high voltage involved. Equipment requir ing 110 
VDC may only be "permissible", requi r ing  permissible interconnect ing 
cables  between the  power supply box and the equipment. A 28 VDC 
ba t t e ry  pack is added t o  the power supply box i f  an a c t i v e  nucleonic 
C I D  is  used. In  case of shearer  power shutdown, o r  28 VDC supply 
f a i l u r e ,  a switching c i r c u i t  - a l so  contained i n  the  power supply 
box - allows the ba t t e ry  pack t o  supply power t o  the  various rad ia t ion  
hazard de tec tors  and audible alarm. The ba t t e ry  pack maintains its 
power through " t r i c k l e  charge" by the  28 VDC power supply. 
4.6.2 Power Dis t r ibu t ion  - A system power d i s t r i b u t i o n  diagram 
is shown i n  Figurt.7 4-30. With the  exception of the  110 VDC power, 
a l l  the  other  supply vol tages  a r e  routed v i a  a s ing l e  multiconductor 
cable  from the power supply box t o  the ECM box. I n  the ECM box, t he  
5 VDC power energizes the s igna l  conditioning e l ec t ron i c s ,  input lout-  
put po r t s ,  main control  computer, and communications. From the ECM 
box the  5 VDC power supply is routed t o  a l l  the  posi t ion encoders, 
a t  various location8 on the  shearer.  
The + 12 VDC power is routed t o  the EM box t o  energize some 
of the  s igna l  conditioning e lec t ron ics .  From the ECM box the + 12 
VDC power fans out t o  the sens i t i zed  pick rece ivers  and inclinGmeter. 
The 28 VDC power is  needed t o  energize C I D  de tec tor  e l ec t ron i c s .  
The ECM s igna l  conditioning e l ec t ron i c s  monitors the 28 VDC cur ren t  
provided t o  the CID de tec tors .  Therefore,  28 VDC power is  routed 
t o  t he  C I D  de tec tor  through the ECM box. 
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The 110 VM: power l i n e s  are  routed from the  power supply t o  the  
various hydraulic cylinders u t i l i z i n g  e l e c t r i c a l  solenoids. Each 
individual cable from the power supply must be "permissible" type 
because 110 VDC is probably not " in t r ins ica l ly  safe" voltage l svel .  
A l l  the power supply cables (5 VDC, + 12 VDC, 28 'JDC and 110 VDC) 
emerge out  of the  power supply e x p l o ~ i o n  proof box through explosion 
proof glands. 
4.7 Fabrication of ECM Electronics - A l l  of the Em electronice,  
with exception of the power supplies electronics,  is housed i n  a 
s ingle  enclosure referred t o  a s  the  ECM ( ~ I e c t r o n i c  Control Module). 
The ECM contains the  main processing and control computer, s ignal  
conditioning, inputloutputs,  and communications. 
4.7.1 Electronic Control Module - The ECM enclosure is a 30 
x 20 x 8 inches, Nema 12 a i l  and dust l i g h t  s t e e l  enclosure. See 
Figure 4-31, ~ o k ~ l l  VCS Electronic control Module. The box needs 
not be "explosion proof" because a l l  the electronics and the  power 
tha t  supplies it a re  " in t r ins ica l ly  safe." The f ront  of the box, 
the ECM control panel, contains o i l  and dust proof switches and lamp 
indicators.  The ECM control panel is used t o  manually exercise various 
shearer functions under the MPCC, a s  opposed t o  manually exercising 
the  shearer by using shearer controls.  The backside of the box has 
11 indust r ia l  grade connectors of various sizes.  
The VCS e lec t ronics  inside the box a re  packaged on 4 x 8 wire- 
wrap cards (component boards). There a r e  14 cards t h a t  nvlte t o  a 
card cage assembly which is mounted on the hinged cover fox: easy access. 
Th3 ICM box is mounted on top of the  shearer,  near i t s  center.  Cables 
from various locations on the shearer in ter face  with the connectors 
on the  back of the ECM box. See Figure 4-2, Longwall Shearer Elec- 
tr i c a l  Cable Diagram. 
4.7.2 Power Supply BOX - The power supply box is an "explosion- 
proof" enclosure. See paragraph 4.6. This box contains a l l  the DC 
power supplies required- for- the VCS system. A l l  the heat d iss ipa t ing  
transformers a r e  mounted for  optimum heat t ransfer  through the  walls 
of the power supply. The sol id  s t a t e  devices tha t  d iss ipa te  heat 
a re  mounted on custom fabricated heat s ink brackets which, i n  turn,  
a re  mounted t o  the walls of the power supply box. 
A l l  the cables to/from the power supply box a r e  routed through 
"explosion-proof" glands. See Figure 4-30, Longwall VCS Power D i s -  
t r ibut ion  Block Diagram. The low voltage DC power supply cables a re  
i n t r i n s i c a l l y  sa fe ,  whereas the 115 VAC input and tlre 110 VDC output 
cables must be "permissible" types. 


A l l  cables,  where applicable, are protected by metal channels, 
a s  w e l l  as  f l ex ib l e  conduit. The power supply box and the BCM box, 
mounted next t o  each other, are protected from c o l l i s i o n  and projec- 
tiles by a metal canopy. See Figure 4-32, Rock Shield. 
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5. VCS MECHANICAL DESIGN 
The mechanical deployment mechanisms fo r  the l a s t  and present 
cut followers and the coal  in te r face  de tec tor  must be simple, rugged, 
and dependable. To simplify automation of the Joy Longwall Shearer,  
they should require  minimum in ter faces  o r  modifications t o  the  ex is t -  
ing  machine. The design of these mechanisms should achieve the grea t -  
e s t  f l e x i b i l i t y  regarding various drum s i z e s ,  seam he ights ,  and over- 
l a p  conditions between top and bottom cu t t i ng  drums. Each follower 
and the CID  is required t o  have a v e r t i c a l  t r a v e l  range of 26'' re la -  
t i v e  t o  the drum through a s  much of the ranging arm stroke a s  pos- 
s i b l e .  To avoid damage due t o  the  p o s s i b i l i t y  af voids and overhang- 
ing s l abs ,  the CID and followers should be ab le  t o  fold out of the 
way when impacted by an obstruct ion.  
The C I D  deployment mechanism must keep the C I D  i n  contact  with 
the roof a s  c lose a s  possible  behind the cu t t i ng  drum cowl. It should 
a l so  have a stowage posi t ion when not i n  use t o  provide clearance 
with the  roof and protect ion from obstruct ions.  I f  p rac t i ca l ,  t he  
ac t ive  and passive C I D  should be interchangeable on the  support mech- 
anism. 
Both the l a s t  and present cu t  foilowers should remain above the 
center  l i n e  of the shearer  drum. Since they a r e  located i n  c lose  
proximity it may be advantageous to  combine them i n t o  one follower. 
The following paragraphs outline. b r i e f l y  the  evolution of the 
proposed f i n a l  overa l l  design. The types of Last Cut Follower (LCF), 
Present Cut Follower (PcF), and C I D  deployment mechanisms which a r e  
used throughout the  subsequent overal l  designs leading t o  the f i n a l  
recomnended one, a r e  described f i r s t  . 
5 . 1  Evolution of Proposed Design - Two types of roof following 
mechanisms a r e  used fo r  the IXF and PCF i n  the following designs. 
Both use e i t h e r  a wheel o r  a shoe in  contact with the roof.  using 
an angular encoder, the arm type shown i n  Figure 5-1 senses height  
a s  a function of the angle through which the follower arm swings. 
This follower has the advantage tha t  i t  swings out of the way when 
impacted by an obstruction. In a l l  the designs tha t  use the arm type 
follower, the 'LCF and PCF a r e  combined i n t o  one uni t  termed LastIPres- 
ent  Cut Follower (L IPcF)~  When shearer t raverse  d i r r c t i g n  is reversed 
the swing arm ro t a t e s  60 , the encoding head ro t a t e s  180 i n t o  the 
PCF pos i t ion ,  allowing the arm t o  swing away from obstruct ions a s  
i t  does when i n  the LCF posi t ion.  
The telescoping can i s t e r  type follower shown in  Figure 5-2 senses 
height d i r e c t l y  with a l i nea r  encoder. The can i s t e r  must be provided 
with a spring loaded c lev is  t o  provide swing away protect ion from 
obstruct ions.  
PCF POlITION 
LCF POSITION 
. .- -..- 
CUT FOLLOWER /A 
Figure 5-1. Swing-:\rln Cut l'ollower 
SPRING 
C 
Figure 5-2. Teleecoping Canister Cut Follower 
TWO types of CID deployment mechanisms a r e  shown i n  Figuree 5-3 
and Figure 5-4. The parallelopram type, Figure 5-3, fo lds  down a s  
i t  is forced back, providing protect ion from obstruct ions.  A hyiirau- 
l i c  cyl inder  maintains an ad jus tab le  preload force aga ins t  t he  roof 
and r e t r a c t s  the mechanism when not i n  use,  W i g h t  is sensed by an 
angular encoder mounted t o  one of the  pivot points .  
The guide-way type mechanism, Figure 5-4, moves v e r t i c a l l y  on 
a t r ack  and senses height with a l i n e a r  encoder. A hydraulic cy l inder  
i s  again used fo r  an adjustable  preload force  and for  r e t r ac t i on .  
An addi t iona l  mechansim must be used, however, t o  provide swing away 
protect ion.  A ro t a ry  ac tua tor  re turns  the  mechanism t o  i t s  upright 
pos i t ion  a f t e r  the  obs t ruc t ion  has c leared.  
The cu t  followera and CID deployment mechanism must be mounted 
on a platform or  support which keepe them i n  posi t ion within t h e i r  
respect ive working ranges. The fixed platform shown i n  Figure 5-5 
uses an arm type follower and a parallelogram type CID deployment 
mechaniem. Since the platform is  r i g i d l y  uttached to  the machine 
base,  i t  is  eimple and rugged but allows the L/PCF and CID t o  follow 
the drum thru  only 26" of i ts  v e r t i c a l  movement. Hence r e l a t i v e l y  
small  shearer  t i l t  angles w i l l  r e su l t  in  appse-.iable l i n e a r  motion 
of  the platform requir ing la rge  l i n e a r  motion of the follower i f  i t  
is t o  remain i n  contact with the roof. In addi t ion ,  i f  t he  shearer  
t i l ts  up, the sensors could be wrecked against  the roof. 
To resolve t h i s  s i t u a t i o n ,  the platform could be powered up and 
down by a hydraulic motor and screw jacks a s  shown i n  Figure 5-6. 
This design, however, would require  a complicated servo system t o  
control  platform movement and would not maintain the CID a t  a constant 
horizontal  dis tance behind the drum. 
To avoid the servo eystem and simplify v e r t i c a l  movement, the 
long pivot arm platform shown i n  Figure 5-7 was proposed which uses 
a mechanical. linkage t o  follow drum movement v e r t i c a l l y .  The p l a t  form 
r o t a t e s  thru a small angle about a simple p ivo t ,  and a guideway near 
the CID takes the to rs iona l  load fo r  the long beam. The present cut  
s h i f t  cyl inder  allows the platform t o  be r a i s ed  when the  drum i s  in 
the t r a i l i n g  posi t ion and the PCF is t o  be used. This design e t i l l  
r e t a in s  the disadvantage t h a t  i t  does not maintain the CID mounting 
dietance behind the cu t t i ng  drum constant.  
The drum center l ine  support platform shown i n  Figure 5-8 follows 
the  drum hor izonta l ly  and v e r t i c a l l y  th ru  i t s  f u l l  t rave l .  It incor- 
porates  the can ie te r  type followers and parallelogram CID mechanism. 
In the  horizontal  pos i t ion ,  shown i n  Figure 5-8, maintained by a con- 
s t ra ined  chain locked by a ro ta ry  ac tua to r ,  the  CID and LCF a r e  in  
t h e i r  respect ive operating pos i t i on i .  In the ve r t i ca l  poei t ion,  
ACTUAT IGiJ 
CYLINDER 
Figure 5-1:. Vert ica l  f;uirleway Cr.1) 1)eployment :.lecllanieln 
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y- C I D  
f igure 5 6 .  Towered Platform 
PRESENT CUT 1 
SHIFI cnmn 
NOTE: ONLY om ~ 1 8 M  
s m  CLABfTV 
Figure 5-7. Long Pivot Arm Platform 
Figure 5 4 .  J!rtto :;enteriinc .-;upp;.rt P;atfom 
(..or izontal Position) 
shown in Figure 5-9, achieved by rotating the actuator, the CID and 
LCF are stored and the PCF is in its operating position. Due to the 
CID mechanism that must swing over the drum and clear the cowl, the 
range of seam heights and overlap conditions that can be accommodated 
are very limited. Also the caw1 motor would have to be relocated 
to avoid interference with the support arm. 
The design shown in Figure 5-10 is quite flexible regarding seam 
heights and overlap conditions and allows the L/PCF to follow drum 
movements horizontally and vertically. It uses separate supports 
for the arm type L/PCF and the guideway type CID mechanism. The L/PCF 
is supported by an arm that forms a parallelogram with the ranging 
arm, the present cut shift cylinder being the fourth link, allowing 
the L/PCF to follow the drum exactly. A constrained chain within 
the support arm keeps the swing arm horizontal. The cylinder is ex- 
tended when the ranging arm is in the trailing mode allowing the PCF 
to remain on the roof. 
The CID deployment mechanism is mounted in another guideway plat- 
form which fotlows the drum up and down. This is accomplished with 
a rack and pimion to which is attached a chain and a gearbox which 
amplifies ranging arm rotational movement. Besides being rather com- 
plicated, this design does not maintain the CID mounting distance 
behind the cutting drum constant. 
5.2 Proposed Design of Sensor Deployment Mechanisms - The pro- 
posed final design, Figures 5-11 thru 5-24 combines the advantages 
of the previous designs. It follows drum movement horizontally and 
vertically and enables the shearer to be used in a wide range of seam 
height and overlap conditions; see Table of Range and Adjustments, 
Table 5-1. The mechanism is also adjustable to operate with the full 
range of drum sizes available from Joy and does not require a servo 
system. Although the baseline reconmendation is the passive radiation 
CID, the mechanism for the active nucleonic CID will be discussed 
first since it is more complicated. 
Figure 5-11 shows the two sets of sensor mechanisms required 
to automate the Joy Longwall Shearer. The forward mechanism is in 
the LCF position with CID deployed. The rear mechanism is in PCP 
position with CID stowed. These incorporate the combined lastlpresent 
cut fo~lower and parallelogram CID mechanisms mentioned earlier. 
The support pa-rallelogram, constrained by the support cylinder, 
follows and remains parallel toothe ranging arm thru its forward cut- 
ting position range to within 5 of horizontal ae shown in Figure 5-12. 
The top member of the parallelogram, the horizontal support, remains 
horizontal and in a fixed position relative to the drum center. 
ROTARY ACTUATOR 
----- - 
I 
Figl~re 5-3. ~ J r t m l  Centerline Support Platform 
(Vertical Position) 
I 
Figure 5-13. Sack aaa Pinnion Suppcrt Platform 
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T a b l e  5-1. Table of Range and Adjustments 
DRUM DIAMETER 
MAXIMUM SEAM HEIGHT 
.. .. - -  - -  ~ 
MINIMUM SEAM HEIGHT 
- .-. . - -.- 
RANGING ARM ANGLE O F  OPERATION 
- - -. - . . . - - - .. . . 
CUT FOLLOWER LENGTH 
--.-. - - - . . , 
SWING ARM S H I F T  
.. -. .- . - ---- ----- . . . 
CENTER L I N E  OF DRUM TO 
P A S S I V E  C I D  CENTER L I N E  
- - . - - .- - . .- - - -. - . 
CENTER L I N E  OF DRUM TO CLNTER 
LINE OF ACTIVE CID U N I T S  
-. - .--. . - - - . - - .- 
42" 
76" 
. - d 
62" 
116" 
-.-.- . 
58" 
108" 
46" 
84" 
72.75 
45.5O 
. - . . . 
30.5 
. -- - 
5 4" 
100" 
70.75 
42.5O 
- -  . . 
28.25 
- 
50" 
92" 
9.61 
. . -. . . - . 
53.38 
54.25 
68.75 
36.6O 
-. . 
66.75 
33.2O 
- - . . - . - - < 
64.75 ' 62.75 
24.75 
- .  -- -- 
29.8O 
. -- 
7.37 
51.38 
52.25 
24 .00 
20° 
-- - . -- 
1 
5.21 
49.38 
50.25 
3.80 
48.13 
49.00 
. .. - -. 
When the support parallelogram is used in the trailing drum mode, 
the support cylinder is extended against the adjustable screw stop, 
Figure 5-17. This screw stop is manually adjustable for seam height. 
In this position, the horizontal support still follows the drum, 
though not proportionally, enabling the PCF to be used. 
The L/PCF is mounted to the horizontal support. Two adjustments 
are required for different drum diameters : the swing arm assembly 
telescopes in the horizontal support and the cut Eollower arm tele- 
scopes on itself. 
The cut follower arm is loaded against the roof and retracted 
by a hydraulic rotary actuator located in the encoding head part of 
the swing arm assembly (see Figure 5-19) Height is sensed by an angu- 
lar encoder attached to the shaft. The circuitry of the actuator 
includes an adjustable pressure regulating relief valve which allows 
the cut follower to follow contours on the roof and still maintain 
constant pressure. 
The swing arm on the forward cutting drum is shown in the LCF 
position. To shift to PCF position, the swing arm cylinder retracts, 
rotating the swing arm 60'. A drag link, Figure 5-16, located inside 
the swing arm, rotates the encoding head thru 120°, 180' relative 
to the LCF position. In this position, the cut follower is again 
at an angle which allows it to collapse away frola an obstruction when 
the machine is going in the other direction. A solid ball follower 
has replaced the wheel used in earlier designs. 
The CID deployment mechanism, Figure 5-14, is attached to the 
horizontal support by the CID stowage mechanism, shown in Figure 5-15, 
Adjustment for the 54" to 62" drum sizes is achieved by selecting 
the correct bolt pattern between the CID mounting plate, shown in 
Figure 5-18, and the CID deployment mechanism. The CID mounting plate 
is attached to two shafts on the stowage mechanism which can be ro- 
tated into the forward position to enable the same mounting plate 
to be used for 42" to 50" drum size adjustment. The stowage mech- 
anism shown in Figure 5-15 is chain driven by a rotary actuator, which 
rotates the CID package to its stow position as shown on the trailing 
drum end of the machine in Figure 5-11. 
The source and detector are independently suspended with a set 
of parallelogram bars allowing +6" of travel. This arrangement allows 
the mechanism to collapse down as it is forced back by an obstruc- 
tion. A CID deployment cylinder for each unit retracts or loads them 
against the roof. Adjustable pressure regulating relief valves in 
the hydraalic circuit allow the CID units to follow contours on the 
roof while maintaining constant pressure. Angular encoders, shown 
on Figure 5-14, senee height variation. 
The hydraulic c i r c u i t ,  shown i n  Figure 5-24, is designed i n  such 
way t h a t  loss  of hydraulic pressure w i l l  f reeze a l l  mechanisms i n  
lace .  They may be manually stowed by loosening the  hydraul ic  f i t t i n g s .  
Hydraulic damping is provided by ad jus tab le  needle value& t o  prevent 
the various mechanisms from banging aga ins t  t h e i r  s t ops  o r  t he  roof.  
I n  pa r t i cu l a r ,  t h i s  w i l l  prevent damage t o  the CID and cu t  followers 
t h a t  might otherwise occur from s t r i k i n g  the  roof a f t e r  c l ea r ing  an 
obs t ruc t ion .  
5.3 Sequence of Operation - When the  mechanism is i n  the  leading 
drum posi t ion;  t he  sequence required t o  convert t o  t r a i l i n g  drum posi- 
t i o n  is : 
1. Stow cut  follower ( ~ o t a r y  ~ c t u a t o r )  
2. Retract  C I D  deployment cy l inders  
3 .  Retract  C I D  stowage mechanism (Rotary Actuator) 
4. Lower ranging arm 
5.  Extend support cyl inder  
6. Set  cowl posi t ion 
7 .  Retrect  swing arm cyl inder  ( i n t o  PCF posi t ion)  
8. Deploy cut follower (Rotary Actuator) 
A t  the same time the  opposite mechanism w i l l  'convert t o  leading 
drum pos i t ion  i n  the following sequence. 
1. Stow cut Eollower (Rotary Actuator) 
2. Extend swing arm cyl inder  ( i n t o  LCF posi t ion)  
3. Se t  cowl posi t ion 
4. Retract  support cyl inder  
5. Raise ranging arm 
6 .  Deploy cut follower (Rotary Actuator) 
7.  Extend CID stowage mechanism (Rotary Actuator) 
8. Extend CID deployment cyl inders  
The manual mode p o s i t i o n  is  def ined a s :  
1. C I D  deployment c y l i n d e r s  r e t r a c t e d  
2. CID stowed 
3. Swing arm i n  LCF p o s i t i o n  
4. Cut fo l lower  stowed 
5.4 Modif ica t ion Required t o  S u b s t i t u t e  Pass ive  C I D  - The pas- 
s i v e  C I D ,  F igures  5-20 t h r u  5-23, opera tes  s i m i l a r l y  t o  t h e  a c t i v e  
- - 
C I D .  TO- in te rchange  C I l ) ' s ,  wher, us ing  a  54" t o  62"-drum, one is  simply 
unbolted and t h e  o t h e r  bol ted  t o  t h e  same C I D  mounting p l a t e .  A sep- 
a r a t e  C I D  mounting p l a t e  and s h o r t e r  etow arms a s  shown i n  Figure  
5-23 must be used f o r  t h e  42" t o  50" drum s i z e s .  Th i s  adapt ion hard- 
ware i s  e a s i l y  s u b s t i t u t e d  f o r  the mounting p l a t e  and stow a r m  used 
f o r  t h e  55" t o  62" s i z e  drums making the  design f o r  t h e  pass ive  radia-  
t i o n  C I D  compatible wi th  a l l  drum s i z e s  a v a i l a b l e  f o r  t h e  Joy 300-lLS1 
longwall  s h e a r e r .  
The C I D  i s  loaded aga ins t  the  roof by a  hydrau l i c  c y l i n d e r  opera t -  
i n g  i n  a  v e r t i c a l  t r a c k ,  s e e  Figure  5-21. Height i s  measured wi th  
a  l i n e a r  encoder loca ted  along the  t r a c k .  S l i d i n g  con tac t  was chosen 
t o  reduce complexity and t o  i n s u r e  se l f -c lean ing  of  t h e  d e t e c t o r  crys-  
t a l  s u r f a c e .  A shee t  of  15 ga.  (1116") s p r i n g  s t e e l  is used a s  a  
wear su r face  and cover f o r  the  d e t e c t i o n  c r y s t a l .  This  th ickness  
w i l l  cause minimal i n t e r f e r e n c e  t o  the  C I D .  Since a i r  gaps a r e  not 
a  problem on t h e  pass ive  sensor ,  p ressure  a g a i n s t  the  roof can be 
l i g h t ,  reducing wear on the  rep laceab le  s l i d i n g  s u r f a c e .  
I n  t h i s  c o n f i g u r a t i o n ,  with the  pass ive  C L D ,  the  stowage mech- 
anism is  used a s  a  swing away p ro tec t ion  device  a s  wel l  a s  f o r  stow- 
age.  The l i p  on the C I D  cover ,  Figure 5-22, w i l l  enab le  the  C I D  t o  
c l e a r  smal l  o b s t r u c t i o n s  by c o l l a p s i n g  v e r t i c a l l y .  I f  a  l a r g e r  ob- 
s t r u c  t i o n  is encountered with s o f f i c  i e n t  force  t o  overcome the  prea- 
s u r e  i n  the  stowage r o t a r y  a c t u a t o r ,  the  stow arm w i l l  r o t a t e ,  allow- 
i n g  the C I D  deployment mechanism t o  fo ld  back. A s  soon a s  the  stow 
arms begin t o  r o t a t e  the  deployment c y l i n d e r  w i l l  be r e t r a c t e d .  After  
the  o b s t r u c t i o n  has  c lea red  and the  stow arms a r e  a b l e  t o  r e t u r n  t o  
t h e i r  upr igh t  p o s i t i o n ,  t h e  deployment c y l i n d e r  w i l l  ex tend,  again  
loading the  C I D  a g a i n s t  the  roof.  
